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introduced by Ein- 
horn in 1904. It was first given intra- 
1909 by Bier, for 


many vears fear of its possible toxic 


PROCAINE Was 


venously in 


effects when introduced so rapidly to 
the tissues of the body prevented its 
eneral use in this manner. Compara- 

ely recently, however, there devel- 
ped a widespread interest in the in- 


venous use of the drug. and experi- 
nce rapidly began to demonstrate that 
long as certain precautions were ob- 
rved it was comparatively safe to use 
in this way. It has now been em- 
ved for a great varietv of conditions, 
pecially 
vention or 


during anesthesia for the 

of abnormal 
thms, particularly tachycardias. 
On the heart, procaine has a digitalis- 

‘action, reducing the irritability of 


correction 


ores 
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the cardiac intrinsic nerves, and pro- 
longing the refractory period. It reduces 
blood pressure. It has a convulsive 
tendency through celebral action. 
Until very recently, the hydrochloride 
was almost exclusively the form in 
which the drug was used. This deriva- 
tive is rapidly hydrolyzed in the blood 
and is acetvlated in the liver, so that 
its effects are comparatively fleeting. 
In 1949 the amide was introduced. Pre- 
liminary dogs by 
Mark and his co-workers? demonstrated 
that it prevented the development. of 
epinephrine-induced — ventricular ar- 
rhythmias under cyclopropane anes- 
thesia; the same authors reported that 
its hypotensive and convulsive effects 
are less than those of the hydrochloride. 
The amide is hydrolyzed quite slowly 
and about 60% is excreted in the urine 


investigations 
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unacetylated. Furthermore, it is ab- 
sorbed well from the gastrointestinal 
tract as shown by effective blood levels 
following its oral administration. 
Because of these factors, it was de- 
cided to investigate its effect on a va- 
riety of ectopic cardiac rhythms, and to 
obtain information regarding its safety. 
In order to obtain the most rapid ac- 
only the route was 
Procaine (Pronestyl) is 


tion. intravenous 


used. amide 
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simple sinus tachycardia following 
acute myocardial infarction, there was 
no appreciable effect on the heart rate. 

2) Paroxysmal Auricular Tachycar- 
dia. In 1 patient with paroxysmal auric- 
ular tachycardia, the drug did not cause 
disappearance of the disturbance fol- 
lowing a dose of 1000 mg. in 6 minutes. 
However, carotid sinus stimulation im- 
mediate ‘ly following the 
followed by abrupt restoration of nor- 


injection was 


supplied by the manufacturer in am- mal sinus rhythm, whereas the same 
pules, each containing 1000 mg. in 10 maneuver prior to the injection had 
TABLE 1 SUMMARY OF ANTI-ARRHYTHMIC EFFECT OF PROCAINE AMIDE 
INJECTED INTRAVENOUSLY 


Type of Rhythm 
1. Normal rhythm 


2. Sinus tachycardia 


11 patients 


+. Auricular fibrillation 
5. Auricular flutter 

6. Auricular ectopic beats 

7. Nodal tachyeardia 

8. Ventricular tachycardia 
9. Ventricular ectopic beats 


Total 


ce. It was injected undiluted at a rate 
not over 200 mg. per minute, and usual- 
ly at 100 mg. minute. Practically 
continuous electrocardiograms 
during the injection period 
and at frequent intervals for some time 
following it. Blood pressures were taken 
very frequently throughout the entire 
period of the observations. Subjective 
and objective symptoms were noted and 
recorded. 
Effects on 
amide 


per 
were 
recorded 


Arrhythmias. Procaine 
given intravenously to 41 
patients who exhibited a total of 51 
arrhythmias (several patients having 
both auricular fibrillation and « ectopic 
ventricular contractions ) and to 11 pa- 
tients with normal sinus rhythm. The 
details and the summarized 
in Table 1. 

ARRHYTHMIAS OF AURICULAR ORIGIN. 
1) Sinus Tachycardia. In 1 patient with 


Was 


results are 


acute infarction 
Par al auricul: hycardi: 
aroxysmal auricular tachycardia 


Normal 
Rhythm 
Re stored 


Numbe r of 
Arrhyth mias 
Observed 


jl in 41 patients 


been without effect. 
in this 
somewhat speculative. 

3) Auricular Fibrillation. In 22 pa 
tients with chronic auricular fibrillation 
the drug had no effect in doses up to 
1000 mg. In 2 patients with paroxysmal 
auricular fibrillation, 
rhythm was 
300 mg. 


occurred 


The role of pro 


caine amide case is therefor 


however, norm 

restored following 
and mg. The 
during the 


sinus 
doses of 550 
transition 
tion. 

4) Auricular Flutter. In 2 
with auricular flutter, 
tained from 900 to 1000 mg., respe 
tively. The flutter had been present fi 
at least 6 days in 1 case, and 24 hou 
in the other. 

5) Auricular Ectopic Beats. Of 
patients with auricular ectopic contra 
tions the ectopic beats were abolish: 
in 3 following doses of 950 to 106 


inje 


patien 
no effect was ob- 
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-J. Control: Lead Il} 


4 35° ‘min. ‘injection ot ‘yuu mgm. 


1.—Ventricular tachycardia. Abrupt restoration of normal sinus rhythm after 550 mg. of 
procaine amide had been injected in 2.5 minutes. 


X. Lead II 


After 100 mgm. in 3U sec. 


A 


After 150 mgm. in sec. 


300 mgm. in 1.5 min 


* 10 min. after injection 


13 min. after injection | | 


| |_| _+17 min. after injection 


-Ventricular tachycardia. Patient was moribund when injection was started and died 
< after a small dose. Tachycardia was replaced by br: idyeardia, a-v block and nodal 
rhythm before death. 
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mg. In the fourth patient an auricular 
LOOO 
ORIGIN. 


unaltered by 
A-V Nopal 
In 1 patient with 


bigeminy 
ARRYTHMIAS 
Nodal Tachycardia. 


was 


tachycardia (rate 205) of nodal origin 
normal sinus rhythm did not follow 
the administration of 1000 mg., al- 
though 5 minutes later the rate had 


The 


been present for at least 9 di LVS. 


dropped to 165. tachvei irdia had 


ARRHYTHMIAS OF VENTRICULAR ORI 
cin. 1) Ventricular Tachycardia. Pro- 
caine amide was administered to 4 pa- 
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tion; when the injection was begun. 
the blood was 116/74 and 


pressure 
the patient was conscious and respon- 


sive. After 200 mg. had been adminis- 
tered in a period of 2 minutes, she 
suddenly gasped and died; the elec- 


showed ventricular 
brillation terminally (Fig. 3) 
2) Ventricular Ee topic Beats. Ot 14 


patients with ventricular ectopic con- 


trocardiogram 


tractions, the ectopic beats were com- 


12. following doses 
1000 


pletely abolished in 


ranging from 200 to mg. The 


G. G. Control: Lead II 


After 200 mgm. in 2 min 


Ventricular tachvcardia. Following 


Fic. 


fibrillation developed and patient died within 3 minutes of beg 


tients with paroxysmal ventricular 
tachycardia. In 2, the tachycardia 
promptly stopped following doses of 
150 and m¢., ( Fig. 
1). One patient was moribund, the 
blood being 
when the injection was started. 
minutes after the 
tion, after only 300 mg. had been given 
( Fig. This patient had had an 
acute infarction 4 hours previously and 
was the first patient with ventricular 
treated procaine. 
caution was exercised re- 


The fourth 


550 respectively 


unobtainable 
Death 


injec- 


pressure 


occurred 17 


tachy cardia with 


so extreme 
garding dosage. 


patient 


also de veloped ventricular tachycardia 
following 


t hours mvoc: ardial infare- 


a very 


15 sec. later 


, 30 sec. later & 


small dose of procaine amide ventricula 


inning of injection. 


9 


shortest duration of effect was 12 min 


utes (in 1 patient), while in anothe 


patient, there had been no known re 


currence 7 days later. Almost inva 
ably, however, they recurred afte: 
varying lengths of time, usually hours 


or days, but sometimes minutes. Wher 
the pattern before treatment was or 
ot bigeminy or there w 
marked tendency 
of the same pattern when the effects 
of the drug disappeared (Fig. 4). In 
patient, the 
peared following administration of 250 


trigeminy 
toward resumption 


one ectopic beats disa 


mg. of procaine amide intravenous \ 


and had not reappeared when the | 
tient left the laboratory, but in spite f 


4 


ala 
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After 450 mgm. in 3 min, _ 


A 


After 800 mgm. in 7.5 min. 


After 900 mgm. in 9 min. 


22 min. after injection of 900 mgm. 


\ 


ivi 


27 min. after injection 


35 min. after injection 


a 


45 min. after injection 


hic. 4.—Hlustrating temporary disappearance of ectopic ventricular contractions with trigeminy 


placed by bigeminy, the latter by isolated ectopic beats which then disappear, and the 
reoccurrence of ectopic beats developing the same pattern in reverse order. 


i “maintenance dose” of 3 gm. daily by 
nouth, they had reappeared 3 days 
ater. 

Of the 2 patients in whom the drug 
failed to abolish the ectopic contrac- 
tions, one received 2000 mg. during a 

hour period, and the other 1000 mg. 
5.5 minutes. 

Toxie Effects. Subjective. 
yeventy-five per cent of the patients 

id significant subjective symp- 

mms. In those who did, thev were 

sually slight and in only 1 or 2 in- 
tances were they at all ‘marked. The 
hiet symptoms noted in these cases 
ere flushing of the face or slight 
ddiness. Other symptoms occasionally 
icountered were bad taste in mouth, 
irst, weakness, and nausea; one pa- 
nt complained of substernal discom- 


fort and of apprehension. None of the 
patients had convulsions. none died 
except the 2 with ventricular tachy- 
cardia following myocardial infarction, 
and in no instance were the subjective 
reactions sufficiently severe to cause 
alarm. 

Objective. The heart rate was usually 
unchanged or slightly slowed; in a few 
instances it was slightly increased. The 
blood pressure practically always fell, 
the only exception being in the patient 
with nodal tachycardia (his blood 
pressure was 85/60 and remained 
that level during the period of observa- 
tion). The average fall for the surviv- 
ing 50 patients was 32 for the systolic 
pressure and 13 for the diastolic, the 
greatest individual fall being 54 sys- 
tolic and 32 diastolic (from 118/72 to 


1) —-— : 
id 
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A. Control: Lead II 


| After 250 mgm. _in 3 min. 


+ 


— 


‘After 350 mgm. in 4 min. 


+ 4 | 
a After 1000 mgm. in 9 min. | 


Fic. 5.—Illustrating absence of effect of procaine amide on auricular fibrillation ind development 
of bundle branch block which was erratic and inconstant and disappeared even though the 
injection was continued. 


TA | ome. | 


After 200 mgm. in 18 sec. 


A 


350 mgm. in 1.5 min. 


! 
A / 
After 450 mgm. in 3 min 


After 900 mgm. in 10 min.; 


i 
A 


f f / it 
35 min. after injection of 900 mgm. 
| 


Fic, 6.—Illustrating the sudden appearance of bundle branch block after 450 mg. of procain 
amide had been injected in 3 minutes 


64/40) in one of the patients with 
auricular flutter. The degree of blood 
pressure fall was apparently less re- 
lated to the total dosage than to the 
rate of injection, being more pro- 
nounced at faster rates. The duration 
of the hypotensive effect was seldom 
longer than 15 to 20 minutes following 
the discontinuance of the injection. 
ELeCTROCARDIOGRAPHIC. The one ef- 
fect which was observed in practically 
every case (93%) was prolongation of 
the QRS complexes (Figs. 5 and 6). 
The records of 41 of the 50 surviving 
patients were carefully analyzed from 
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the QRS duration. The degree of in- 
crement in the QRS duration ranged 
from zero (in the 3 normal individ- 
uals) to 0.11 second (increasing from 
07 to .18 second in a patient with 
arteriosclerotic heart disease and ven- 
tricular ectopic contractions; the bun- 
dle branch block developed suddenly 
after 350 mg. had been injected in 
90 seconds. The patient complained of 
dizziness and weakness, and the pulse 
remained unchanged, but the blood 
pressure dropped from 110/64 to 70/0. 
The blood pressure rose to 75/40 with- 
in 5 minutes, but the bundle branch 


PABLE 2.) PROLONGATION OF QRS FROM PROCAINE AMIDE 
INJECTED INTRAVENOUSLY 


Initial 
QRS \ r of USCS Treated and Marimum QRS Duration Follou Procaine 
Duration second 

econd OF ON 1? 1.3 15 15 lt 17 1S 
l 

OG l l 

07 l 

ao m4 

10 ] 

l 

12 

13 

14 

16 


this point of view, and these measure- 
ments are shown in Table 2, the maxi- 
mum ORS duration at any time being 
reported. Study of this table reveals 
that in only 3 instances did the QRS 
complexes not lengthen; these 3 were 
ll normal individuals without any evi- 
lence of heart disease, and each re- 
eived a dose of 1000 mg. within 15 min- 
ites. In 16 other cases, the maximum 
IRS duration recorded was still under 
1.11 second. In 16 instances the initial 
neasurement was under 0.11 second, 
uit prolongation beyond 0.10 second 
sulted from the drug. In 6 instances 
lefective intraventricular conduction 
as already present when the procaine 
as administered, and in each case 
iere was an appreciable increase in 


block persisted for 30 minutes). In 27 
of the 41 cases, the increment was 
from .02 to .04 second. The _ effects 
usually persisted from 20 to 50 minutes. 

Other untoward effects recorded 
electrocardiographically which were 
less pronounced and less frequent were 
transient flattening, notching, or inver- 
sion (rare) of the T waves, marked 
sinus arrhythmia, wandering of the 
pacemaker (Figs. 7 and 8) (2. in- 
stances ), nodal rhythm (Fig. 8) (1 in- 
stance), ventricular escape in- 
stance), and first degree block 
(Fig. 8) (1 instance). Lesser degrees 
of increase in a-v conduction time were 
insignificant. 

Hemopynamic Errectrs. In 10  pa- 
tients, hemodynamic studies were car- 
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ried out by cardiac catheterization and © significantly in every case but one, in 
the dye-injection method (modified) of | which it rose (one of those without 
Hamilton, Moore, Kinsman, and Spur- heart disease). It had usually returned 
ling*. These studies are reported in to the control level or above 30 minutes 
detail elsewhere*, but the conclusions later, although in 4 instances it was 
may be summarized here. still below the control level at that 
The radial artery pressure tell in time. 
nearly every case, as had been ob- The mean circulation time was usu- 
served clinically. It had usually, but ally significantly increased over the 
not alwavs, returned to the control control level, returning to it in 30 min- 
level 30 minutes later. utes in most instances 
The pulmonary artery pressure tell The cardiac output fell significantly 


|. After 700 mgm. in3.5 min. 


After 900 mgm. in 4 min. , 


~N/ KS 13 min. after injection of 900 mgm. W/ 


Fic. 7.—Illustrating temporary disappearance of ventricular ectopic contractions and develop 
ment of sinus bradvcardia and arrhythmia and wandering pacemaker 
F. K. Control: “Lead 4 
} 


After 500 mgm. in 3 min.; 


5 min. after injection of 500 mgm.. | F 


30 min. after injection | | 


Fic. 8.—Illustrating the development of wandering pacemaker and nodal ectopic contractior 
and increase in an already slightly prolonged a-v conduction time. 


| 


PROCAINE AMIDE 


from the control level in 5 of the pa- 
tients, was not significantly altered in 
{, and increased significantly in 1 (the 
patient whose pulmonary artery pres- 
sure rose). With 2 exceptions, the out- 
put had not returned to the control 
level 30 minutes later. 

That amide, 
when administered by the intravenous 
definite antiarrhy- 
thmic effect is quite obvious from these 


Discussion. procaine 


route, has a very 
observations. The evidence for such an 
effect on ectopic arrhythmias of supra- 
ventricular origin is somewhat conflict- 
ing, as shown by failure of the drug to 
convert auricular fibrillation of long 
standing to sinus rhythm, whereas it 
was effective when the arrhythmia was 
of the paroxysmal type, and in 3 out 
of 4 instances auricular ectopic con- 
tractions were abolished; also, in 1 pa- 
tient with paroxysmal auricular tachy- 
cardia the drug appeared to have sen- 
sitized the carotid sinus reflex mecha- 
nism (co-incidence? ). 

Of its effectiveness in abolishing ar- 
rhythmias of ventricular origin, how- 
ever, there would appear to be little 
doubt. Certainly the evidence appears 
to be conclusive with regard to ectopic 
contractions, inasmuch as thev. were 
abolished, even though temporarily, in 
12 out of 14 patients. The response in 
2 of the cases of ventricular tachy- 
cardia was dramatic and conclusive; in 
one of the others the patient was so 
near death at the time of administra- 
tion of the drug that it is probable that 
nothing could have saved her; in the 
remaining patient there is a question 
is to whether death resulted from the 
drug or whether the ectopic rhythm 
might have been abolished had a larger 
dose and injected more 
rapidly. Experience with the 2 surviv- 
ing patients leads to the belief that 
the latter may be a possibility. 

No attempt was made as a specific 
‘bjective to determine the duration of 


been given 
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the antiarrhythmic effect. However, it 
is obvious that in many instances, at 
least, it was of relatively short dura- 
tion. It is probable that, where a pro- 
longed effect is desired, the oral route 
may be preferable, except in instances 
of those ectopic tachycardias where 
“time is of the essence’, 
rhythm, once restored, usually persists. 

Procaine amide has, then, a very 
definitely beneficial effect in abolishing 
certain cardiac arrhythmias. But this 
effect is by no means an unmixed bless- 
ing when the drug is given by the in- 
travenous route. While unpleasant sub- 
jective sensations are the exception 
rather than the rule, nevertheless, ob- 
jective signs occur which can be _ re- 
garded 
though they were apparently not seri- 
ous in the patients reported on here, 
with one possible exception. The blood 
pressure fell in nearly every instance, 
sometimes to a very pronounced de- 
gree: the pulmonary arterial pressure 
usually fell significantly, the mean cir- 
culation time usually increased, and 
the cardiac output usually decreased; 
and intraventricular conduction 
practically always impaired, sometimes 
to a very marked degree. Certainly 
these changes can be regarded only as 
indicating an adverse effect on the 
cardiovascular system. No attempt was 
made to correlate the degree of these 
changes with either the size of the 
dose or the speed of injection, but the 
distinct impression was gained that 
the latter is the more important factor. 
It is concluded that, for maximum 
safety, it is preferable not to exceed 
a rate of 100 mg. per minute, except 
where life appears to depend on a 
matter of minutes. 

Two questions naturally follow: Is 
one justified in using procaine amide 
bv the intravenous route in the treat- 
ment of cardiac arrhythmias, in view 
of the toxic effects that follow? If so 


since sinus 


only as undesirable, even 


Was 


3f4 PROCAINE AMIDE (PRONESTYL) IN CARDIAC ARRHYTHMIAS 


under what conditions should it be 
used? Since other reports' indicate 
that the drug is effective when given 
orally, it would seem reasonable that 
when it is considered advisable to em- 
ploy it for the elimination of ectopic 
contractions (and these instances must 
represent a very small minority of all 
the patients in ‘whom this arrhythmia 
occurs) it had best be given by the 
oral route, for toxic effects, though 
apparently present in many instances, 
are reported to be of a relatively mild 
degree. Even in many instances of 
paroxysmal rapid heart action, includ- 
ing the very serious ventricular tachy- 
cardias, there is evidence that the drug 
is often effective when given by mouth. 
Even though no deaths or serious toxic 
effects could be definitely ascribed to 
it in the patients here re ported, vet the 
very definite deleterious effects ob- 
served electrocardiographically and 
hemodynamically would preach cau- 
tion and argue potently against its in- 
discriminate and uanestricted use by 
the intravenous route. Nevertheless, its 
margin of safety still appears to be 
considerable and therefore it may be 
employed without hesitation in in- 
stances of ventricular tachycardia 
where time appears to be of the utmost 
importance, and of other types of 
paroxysmal rapid heart action which 
have failed to respond to its oral ad- 
ministration and to other measures. 
And, of course, during anesthesia, 
where the oral route is impractical, it 
will undoubtedly find a major field for 
its use with compari ative safety, pro- 
vided that the rate of injection does 
not exceed 100 mg. per minute. 


Summary. 1. Procaine amide (Pro- 
nestyl) in doses of 200 to 2000 mg. 
was given intravenously to 41 patients 
with a total of 51 cardiac arrhythmias, 
and to 11 with normal sinus rhythm. 

2. In general, those arrhythmias of 
supraventricular origin failed to be in- 
fluenced by the drug, excepting auricu- 
lar ectopic contractions and recent 
( paroxy smal) auricular fibrillation. 

3. Ventricular ectopic contractions 
were abolished in 12 out of 14 in- 
stances. Ventricular tachycardia was 
abruptly stopped in 2 out of 4 patients; 
the remaining 2 died, one being in ex- 
tremis at the time, while the death of 
the other mav have been either due to 
the drug or in spite of it, and conceiv- 
ably might have been averted by a 
larger dose administered more rapidly 

Subjective toxic effects were the 
exception rather than the rule, but ob- 
jective toxic effects were the rule rather 
than the reverse. The latter consisted 
of fall in peripheral blood pressure and 
in pulmonary arterial pressure, decrease 
in cardiac output, and increase in cir- 
culation time and con- 
duction times. No serious toxic effects 
were observed except possibly in 1 of 
the 2 fatal cases of ventricular tachv- 
cardia. 

5. It is concluded that the intrave- 
nous route of administration of procaine 
amide should be reserved chiefly for 
those patients with paroxysmal rapid 
heart action who are in immediate 
danger of death, or in whom the oral 
administration of procaine amide or 
other measures have failed, and for 
patients under anesthesia. 
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HEMODYNAMIC CHANGES 


FOLLOWING 


PROCAINE AMIDE 


ADMINISTERED INTRAVENOUSLY® 


By Rosert L. McCLtenpon, M.D. 
W. Reeve Hansen, M.D. 
AND 


J]. Murray Kinsman, M.D. 


From the Institute for Medical Research and the Department of Medicine, University 
of Louisville School of Medicine, Louisville) 


Procaine, in the form of the hvdro- 
known for many 
vears to have an antiarrhythmic action 
on the ventricular muscle. It has been 
used quite generally for that purpose 
Hazard? found that. 
like quinidine, it prolonged the refrac- 


chloride, has been 


by anesthetists. 


tory period and depressed muscular 
irritability. The amide derivative of 
procaine was investigated by Mark 
et al.®, who found that its properties 
were similar to those of the hydro- 
chloride but of lesser degree, because 
of its slower though more sustained 
ction. Both forms of procaine have a 
definite hypotensive effect. The amide 
electrocardiographic 
the most striking of which 
s a prolongation of the QRS com- 


plexes, 


ilso produces 


( 
hanges 


So far as can be determined, no ob- 
ervations have been reported on the 
flect of procaine amide on the funda- 
nental hemodynamic functions such 
is cardiac output, velocity of blood 
flow, and others. Consequently, as a 
upplement to a clinical study of the 
utiarrhythmic effects of the drug in 
| patients exhibiting ectopic 
investigation of these 
indamental hemodynamic effects was 
istituted in 10 individuals, some with 
rmal hearts, some with heart disease. 


hvthms*, an 


the 10 
10 had 
heart disease. Case 3 had no 


Clinical Material and Methods. Of 
patients (see Figures), Cases 4, 5 and 
no evidence of 
evidence of heart disease excepting for re- 
current attacks of (paroxysmal) nodal tachy- 
and 7 had hypertensive- 
heart disease. and 
8 had rheumatic heart disease. One had auric- 
ular fibrillation and had hypertension thought 
to be secondary to a right renal artery em- 
bolus. Case 6 had congenital (from history) 
bundle branch block, but no other evidence 
of heart disease. Case 9 had cor pulmonale 
secondary to pulmonary fibrosis. 

All were on 
talis excepting the 3 


cardia. Cases 2 


arteriosclerotic Cases 1 


maintenance doses of digi- 
without evidence of 
heart disease (Cases 4, 5, and 10) and the 
patient with congenital bundle branch block 
(Case 6) who had ventricular bigeminy. 

All of the patients were fasting and in the 
position when the were 
carried out. In each one, cardiac catheteriza- 
tion was performed by the method of Cour- 
nand-Ranges!, the catheter being advanced to 
the bifurcation of the pulmonary artery when- 
ever possible. Arterial samples were collected 
from a cannula inserted into the radial ar- 
tery. Pressures were recorded by a Sanborn 
electromanometer, mean pressures being de- 
termined by electrical integration. 

The following measurements, 
tions, and calculations were made: 

1) Heart rate and rhythm 

electrocardiographically 
2) Right atrial, right ventricular, pulmo- 
nary arterial, radial arterial, and venous 
pressures were measured by direct re- 
cording. 

Cardiac output was calculated by a 
modification (intracardiac catheter in- 


recumbent studies 


determina- 


were recorded 


wy) 


* Supported in part by a grant from the National Heart Institute of the U. S. Public Health 
rvice. 
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jection) of the dye-injection method of — monary arterial pressures within a range of 
Hamilton, Moore, Kinsman, and Spur + 5 mm. Hg. Consequently, variations from 
ling’, The calculation was based on a the control figures exceeding those limits were 
modification of Stewart's formula considered to be significant 
1) Appearance and mean circulation times In every case, Control studies were first 
were measured by the method of Hamil carried out prior to the injection of the drug 
ton, Moore, Kinsman, and. Spurling’ Phen, while the catheter and cannula re 
5) “Pulmonary Blood Volume” was_ cal mained in place, procaine amide was injected 
culated by Stewart's method intravenously at rate not exceeding LOO 
rABLI MEASUREMENTS OF HEMODYNAMIC FUNCTIONS IN) LO PATIENTS GIVEN 
PROCAINE AMIDE INTRAVENOUSLY 
li R R / / ( 
D il Ha 
Rheuma Peak 
Heart d R r 
C ontre Ww 
Hy} Peak 60 
Arte Re« 
Heart disea 
Con 7 
No hear Peak 
Paroxys! R 7 ( 
( 
No | Peak 
Re 
Contre ( ’ 
N Peak 0 
Recover 
y al bu Pe ak 
branch block Rec r 
7 Control ( 21 
Hypertensi ‘ Peak 64 
Arteriosclerotic Recovers 0 { 
Heart dise ist 
Rheumatic heart Peak 120 62 110 On | 
disease with auricu Recover 10 62 ON 
lar fibrillat 
’ ( itrol ( 
Cor p Peal ") 
10 Control 60 70 
No heart disease Peak 20.0 
Recovery 65 » 1) 
6) Peripheral — resistance was calculated mg. per minute, an electrocardiogram being 
from the formula recorded continuously ind the blood pres 
P 1339 sure taken in the usual manner at frequent 
intervals. Immediately following the of 
Resistance the injection the hemodynamic studies were 
C. O. repe ated (Peak Effect ind again 30 min 
utes later Recovery Stage). A total of 1000 
where Pm mean radial arterial pressure 
mg. procaine ami was giver 
in mm. of Hg., 1332 is a constant, and C. O 
Core ‘ tient, except in Case l in which 500 mg. were 
represents cardiac output in ce. per second 
: given. 
Results are expressed in absolute units. 


Previous experience with these techniques Results. The 
leads to the conclusion that cardiac output 
determinations on the same individual under : 3 
identical circumstances are reproducibl diac and intravascular pressures, 


within a range of + 10%, and mean pul- mean circulation time are recorded it 


results of the direct 
measurements of heart rate. intracar 


and 


AINE 


Table 1. of the caleula- 
of output, pulmonary 
blood volume and peripheral resistance 


The 


cardiac 


results 


tions 


are shown in Table 2. The changes in 
the radial arterial pressure are shown 
graphically in Fig. 1, those in the pul- 
arterial in Fig. 2. 


~ 


monary pressure 


TABLE 2 


Case No 
l Control 
Rheumatic Peak 
Heart disease Recovers 
2 Control 
Hypertensive Peak 


Arteri lere the Recovery 
heart disease 

Control 
Peak 
Recovery 
t Control 
No heart disease Peak 


Re« overs 


No heart disease 


Control 
No heart disease Peak 
Reco, ery 
Control 
Peak 
Reco ery 
Control 
Peak 


Re« Overy 


Congenital 
heart disease 
Hypertensive 
Arteriosclerotic 
heart disease 
Control 
Peak 


Recovery 


Rheumatic 
heart disease 
auricular fibril 
lation 

9 Control 
Cor pulmonale Peak 
Recovery 
Control 
Peak 


Reco, ery 


10 
No he art disease 


those in the mean circulation time in 
Fig. 3, and those in the cardiac output 
in Fig. 4. 

Heart Rare. In 7 patients there was 
i slight increase in heart rate. averag- 
ing 9 beats per minute. In the other 
) there was no significant change. 

Mean RaptaL ARTERIAL PRESSURE 
Fig. 1). In 6 of the 9 patients in 


AMIDE 


CALCULATIONS OF HEMODYNAMKK 
PATIENTS GIVEN PROCAINE 


( ardiac 
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whom this was measured, there was a 
significant fall at the time of Peak 
Effect. the greatest drop occurring in 
one of the patients having hyperten- 
heart disease; in 
this patient the pressure was even lower 
30 minutes later. In 4 of the 6 patients 


sive-arteriosclerotic 


FUNCTIONS IN 
AMIDE INTRAVENOUSLY 


Pulmonary 


Blow Ps riphe ral 


Output Volume Resistance 
min dynes ace 
$3.5 24 1731 
3.1 ] 24 1483 
3.6 1 1514 
tS 1 $8 1411 
8.005 1929 
1.58 11S] 
OS] 
O75 1048 
3.3 82 1367 
5.7 1 758 1025 
o.4 1 83 SS4 
5.1 1 36 1164 
8.75 Sl 821 
8 05 1 61 801 
7.0 1.50 1024 
6 45 1.72 1802 
1 37 1749 
3.5 1 28 2522 
2.8 1. 23 2145 
2.95 1.48 1223 
15 1 71 2405 
3.2 1 5l 2785 
3.4 1 59 2751 
S 4 1 66 714 
8 43 1.81 712 
7.9 1.71 607 
6.1 1.43 979 
6 7 151 1020 
60 1 45 1182 


the hypotensive effect was still evident 
30 minutes later. In 2 patients there 
was a slight rise in radial arterial pres- 
sure and in 1 there was no appreci- 
able change at the end of the iniection. 
although the pressure was considerably 
lower 30 minutes later. 

Mean INTRACARDIAC 


PressuRE. Too 


few measurements were made of intra- 


~ 
~ 
st 
‘ 
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Fic. 1.—Effect of procaine amide on mean radial artery pressure. (In this and succee ding figures 

the cases are numbered in chronological order. R.H.D.: Rheumatic Heart Disease; H.-A.S.H.D 

Hypertensive Arteriosclerotic Heart Disease; P.A.T.: Paroxysmal Auricular Tachycardia (actu- 
ally nodal tachveardia: see text); A.F.:; Auricular Fibrillation; M.S.: Mitral Stenosis 
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Fic. 2.—Effect of procaine amide on mean pulmonary artery pressure. (C.H.D.: Congenital 
Heart Disease (Bundle Branch Block). Otherwise abbreviations as for Figs. 1 and 2.) 
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Eflect of procaine amide on mean circulation time. (Abbreviations 


5 
Norma! 


JHE 


~ ' 2 
RHO -MS 


4. 


itrial and intra-ventricular 


pressures 
from which valid conclusions could be 
lrawn. 
Mean PuLMONARY ARTERIAL PRES- 
suRE. In 7 of the 8 patients in whom 
this was measured (Fig. 2), there was a 
tall, being to a significant degree in 5 
f them. Two of these had abnormally 
igh pressures in the beginning, 1 pa- 
ient having mitral stenosis and the 
ther cor pulmonale. In 3 the pres- 
ire had returned to and beyond the 
mtrol level 30 minutes later; in 3 it 
id fallen even lower by this time. In 
ie remaining one (whose heart was 
ormal) it rose after the injection; it 
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' 
RHO-AF-MS Cor Rimencte Norme! 


as for Figs. 1 and 2.) 


* Contro! 
Immediately 
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* 3O min otter \ 
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6 7 8 10 
cHo H-ASHD RHO-AF-MS Cor Pulmoncie Norma! 


Effect of procaine amide on cardiac output. (Abbreviations as for Figs. 1 and 2.) 


had risen still further 30 minutes later. 

Mean Cincutation Time (Fig. 3) 
This function was determined in 10 
patients. In every patient the mean cir- 
culation time and appearance time 
were prolonged over the control value; 
in 3 these had returned to the control 
values at the end of the observation 
period. 

PERIPHERAL ReEsIsTANCE. No consist- 
ent response was observed. However, 
there was usually a reciprocal relation- 
ship with cardiac output: in most pa- 
tients in whom a fall in cardiac output 
occurred there was an increase in pe- 
ripheral resistance. 
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PULMONARY BLoop VotumMe. In 4 
patients the pulmonary blood volume 
decreased; in 3 it increased; and in 3 
there was no change. 
Carpiac Ourpur. (Fig. 4). In 5 pa- 
tients the cardiac output was. signifi- 


Peak 


Effect: in 1 there was an increase of 


cantly decreased at the time of 
borderline significance, in the remain- 
ing 4 there was no significant change. 
Three of these 4 patients had normal 
hearts, while the patient with a border- 
line increase also Was lL ot the t nor- 
1 of the normals the cardiac 
output 30 minutes later had fallen sig- 
nificantly the control level. In 
3 of the 5 who had a significant fall 
at the end of the injection, the output 
was still significantly low 30 minutes 
later, but in the other 2 it had returned 
to the control the 
no de- 
termination was made during the Re- 
covery Stage. ) 


mals. In 


below 


level or above at 


time of this observation. (In 1 


Discussion. In an attempt to evaluate 
the hemodynamic actions of procaine 
amide in this group of patients, only 
the immediate effects of the drug were 
studied. It is recognized that the figures 
for cardiac output obtained by the 
dye-injection method may not repre- 


true values, for so far 


sent absolute 
no practical method has been devised 
which will give truly accurate figures 
in the human. There are probably er- 
rors in the method which are due to 
recirculation of dve. Nevertheless, these 
errors are all in the same direction and 
it is that the 
changes in the cardiac output deter- 
minations which are obtained on the 
same individual reflect what is actually 
occurring in the dynamics. 


Hence an increase or a decrease in the 


reasonable to believe 


heart’s 


figure is considered to be significant. 
even though it may be argued that it 
may not be strictly quantitative. 

The so-called Pulmonary Blood Vol- 
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ume figures are certainly open to some 
question as to their significance. They 
are presented here simply for the rec 
ord and without any attempt to draw 
conclusions from them. 

One other factor possibly influencing 
the results is the apprehension of the 
patient, due to the fact that the method 
catheterization and 


requires cardiac 


cannulization of an artery. However 
such psychic influences tend to acceler- 


blo 


to retard it as 


ate the velocity of flow, rather 
than the 


case here. Furthermore, in a large num- 


usually was 
ber of other patients in whom the iden- 
tical procedure has been carried out 
without the introduction of any other 
known variable factor, the cardiac out 
put figure has generally been reproduc 
ible within 10% of the initial level 
Therefore, the likelihood that psvchic 
factors influenced the results appreci 
ably is not great. 

From the above data, it appears that 
one of the more important effects of 
the 


drug is a reduction in cardiac output 


intravenous administration of the 
It is well known that the dynamics of 
the circulatory system depends upon 
the discharge volume of each ventricle 
the elasticity and peripheral resistance 
of the peripheral vessels and the vis 
cositv and volume of circulating blood 
The heart 

(among others factors ) upon 


output of — the depends 
the ef 
ficiency of its contractions and upon 
the venous return. If a decrease in 
venous return were the dominant fac 
tor in the reduced cardiac output that 
usually followed the administration of 
procaine amide in these patients, ther 
should have been an associated rise it 
peripheral resistance with an increasé 
in| mean radial arterial pressure. Thi 
was not usually the case, for in thos« 
cases where the peripheral resistanc: 
did increase, the radial artery pressur 
nearly fell. It would 
then, that the fall in cardiac outpu 


alwavs appear 


PROCAINE AMIDE 


was the result of a primary myocardial 
action, 

From the evidence presented, the 
effect of procaine amide on the periph- 
eral arteriolar bed is variable. The 
changes observed may represent a bal- 
ance between a primary vasodilator 
effect upon arte rioles or a reflex altera- 
tion secondary to a primi ary myocardial 
effect. The slowing of the rate of blood 
How is consistent with either one. The 
decrease in pulmonary arterial pres- 
sure may be due to a dilatation of the 
pulmonary vascular bed, or to a_re- 
distribution in the entire vascular bed 
with a lowering of vascular resistance, 
or to a decrease in cardiac output. 

These studies also suggest a rather 
important conclusion. It is rather strik- 
ing that the patients with normal hearts 
showed no fall in cardiac output, wher- 
as all of those with heart disease did. 
Moreover, the decrease in velocity of 
blood flow and in mean radial and 
pulmonary arterial pressures was det- 
initely less marked than in those pa- 
tients with diseased hearts. Further- 
more, the clinical studies revealed less 
interference with intraventricular con- 
duction in patients with normal hearts 
than in those with diseased hearts*. 
It is quite probable, therefore, that 
procaine amide has very definitely a 
greater deleterious myocardial action 
on diseased hearts than on normal 
ones, and that its harmful effects on 
the normal heart are comparatively 
mild. This is a point of the utmost 
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clinical importance, since many of the 
arrhythmias for which the drug appears 
to be useful occur in apparently quite 
normal hearts. It is concluded, there- 
fore, that caution should be especially 
observed in those patients whose hearts 
are known to be damaged, but that in 
normal hearts it is probably a compara- 
tively safe 

Summary. 1) The immediate effects 
of intrave ies administered procaine 
amide were studied by cardiac cathe- 
terization in patients. 

2) Procaine amide usually produced 
a fall in cardiac output, a decrease in 
blood flow through the pulmonary vas- 
cular bed, accompanied by a fall in 
pressure in the pulmonary arte ry, a fall 
in mean radial arterial pressure with 

variable changes in peripheral resist- 
ance, and significant slowing of the 
velocity of blood flow as measured by 
the dye-appe arance and médn circula- 
tion times. These changes were most 
pronounced in patients with diseased 
hearts and least evident in those with 
normal hearts. 

3) It is concluded that procaine 
amide has its major effect through a 
primary myoc ardial depressant action, 
although this response may be variable 
ranging from little or no effect on cir- 
culatory dynamics to a_ significant 
change in the pe riphers al arteriolar bed. 
It is probable that it is a comparative- 
ly safe drug in patients with normal 
hearts, but that it should be used cauti- 
ously in those with diseased hearts. 
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QUINIDINE TREATMENT OF AURICULAR FIBRILLATION® 


By MERVIN J. GoLpMAN, M.D. 


ASSISTANT CHIEF, MEDICAL 
VETERANS 


OAKLAND, 


THE proper place of quinidine in the 
treatment of auricular fibrillation is still 
in a state of flux. Considerable fear has 
been built up about the serious dan- 
gers of this valuable drug. For this 
this study undertaken to 
help clear up many of the common 
misconceptions in the use of this medi- 
cation. 

Analysis of Cases. To date 80 pa- 
tients with auricular fibrillation have 
been carefully studied. Since this study 
was carried out in a Veterans Adminis- 
tration Hospital, all but 2 of the 80 pa- 
tients were males. The age of the pa- 
tients ranged from 28 to 88, the major- 
itv being in the sixth decade of life 


(see Table 1). The 


reason Was 


exact duration of 


TABLE 1 AGE DISTRIBUTION 80 
CASES OF AURICULAR FIBRILLATION 


{ ge Group Vo. of Cases 
20-29 
30-39 
10-49 
34 
60-69 21 
0-79 11 
l 


the auricular fibrillation was unknown 
in most instances, ranging from a few 
days to 30 years. It is estimated that 
the auricular fibrillation had existed for 
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many years in the majority of the 
patients. 

Eriotocy. The type of heart disease 
responsible for the auricular fibrillation 
has been classified as: 1) degenerative 
the arterio- 
sclerotic and hypertensive group; 2) 
rheumatic heart which has 
been sub-divided into: a) mitral lesions 
or combined mitral and aortic lesions, 
and b) pure aortic lesions; 3) thyro- 
toxic heart disease; and 4) unclassified 
heart disease. This last group includes 


heart disease, to include 


disease, 


those patients who could not be classi- 
fied into any of the above 3 groups and 
included patients with “idiopathic” 
auricular fibrillation (4 cases), “chronic 
mvocarditis” (1 case), luetic aortic in- 
with fibrillation 
1 case), and possible amvloid heart 
disease (1 case). See Table 2 for further 
details. 


sufficiency auricular 


TABLE 2.—ETIOLOGY IN 8o CASES OF 
AURICULAR FIBRILLATION 


Type of 

Heart Disease No of Case s 
Degenerative +4 
Rheumatic (total) 25 

Mitral (or mitral 

plus aortic 22 

Aortic 
Thyrotoxic 
Unclassified 7 


* Reviewed in the Veterans Administration and published with the approy al of the Chief 
Medical Director. The statements and conclusions published by the author are the result of 
his own study and do not necessarily reflect the opinion or policy of the Veterans Admin- 


istration 
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It must be understood that the etio- 
logical diagnosis was in most instances 
made on clinical evaluation. It there- 
fore cannot be considered 100% accu- 
rate. In some instances there was a dif- 
ference of opinion as to the etiological 
diagnosis, but a final decision was 
reached after repeated careful physi- 
cal examinations correlated with elec- 
trocardiographic and roentgenographic 
findings. 

Carpiac ENLARGEMENT. The degree 
of cardiac enlargement was based on 
the actual size of the heart as meas- 
ured on a chest roentgeno- 
gram in comparison with the predicted 
measurement. The degree of cardiac 


standard 


enlargement has been classified 


as 
none, slight, moderate, and marked 
see Table 3). 
8.) CARDIAC ENLARGEMENT IN 
80 CASES OF AURICULAR FIBRILLATION 
No of ( 
None 14 7.5 
Slight 17 21.2 
Moderate 28 85.0 
Marked 21 26. 5 


Exrnour. The data used in the deter- 
of the 


phenomena — occurring 


mination number of embolic 
during the 
ourse of the auricular fibrillation and 
before attempted with 
juinidine include those cases in which 
bvious embolic episodes were ob- 
erved and those in which the history 
as definitely indicative of such. In 


conversion 


QUINIDINE TREATMENT OF 


AURICULAR FIBRILLATION 383 


many instances there was suggestive 
evidence by history of embolization, 
but since this was not too conclusive, 
these were not included. Of the 80 pa- 
tients studied there were 22 instances 
of embolic phenomena, that is, an in- 
cidence of 27.5%. Of these, 8 (10%) were 
pulmonary emboli and 14 (17.57) were 
systemic emboli. Analyzing these in 
relation to the type of heart disease, 
5.5% (10 of the 22 embolizations) oc- 
curred in the Rheumatic group, 40.97% 
(9 of 22) in the Degenerative group. 
and 13.6% (9 of 22) in the Unclassified 
group. (See Table 4). 

It is the present poliev to administer 
anti-coagulants to all patients with evi- 
dence of recent embolic phenomena. 
This therapy is maintained for approxi- 
mately 14 days prior to administration 
of quinidine and is maintained during 
quinidine therapy until the rhythm is 
converted or until quinidine is dis- 
continued. This regimen is carried out 
in the belief that recently formed auric- 
ular thrombi may be more easily dis- 
lodged than older thrombi which may 
be more firmly adherent to the auric- 
ular Thus a 2-week 
period of anti-coagulant therapy may 
prevent the formation of new thrombi 
and thus may minimize the danger 
of following conversion. 
Whether this regimen should be fol- 
lowed in all patients to be treated with 
quinidine cannot be answered at this 
time. 

ConcestiveE Heart Farure. The ma- 
jority of the patients studied were in 


endocardium. 


embolism 


TABLE 4.. EMBOLI DURING FIBRILLATION IN 80 CASES OF 
AURICULAR FIBRILLATION 
Rheumatic Degenerative 
Disease Disease Unclassified Total 
Pulmonary 5 2 l 8 10 
Systemic 5 7 2 14 17.5 
Tora 10 9 3 27.5 


of Emboli 


40.9 13.6 
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congestive heart failure at the time of 
admission. These were first treated with 
digitalis, oxvgen, salt restriction and 

indicated. In 
some instances the congestive failure 


mercurial diuretics, as 
did not respond to the above measures. 
The results following quinidine ther- 
apy are given below. 

BUNDLI Biock. Of the SO 
patients studied, 9 had_ electrocardio- 
graphic evidence of bundle branch 
block. Of these 9, 4 had right bundle 
branch block (QRS 0.12 to 0.14 
sec. ), 2 had left bundle branch block 
(QRS 0.12 to 0.14 sec.), and 3 had 
incomplete right bundle branch block 
ORS 0.1 sec.). All of the above 
received quinidine. 


BRANCH 


Method of Quinidine Administration. Th« 
patient is first given a dose of 0.2 gm. to 
test for sensitivity. In the early part of this 
study most patients were then started on a 
dosage of 0.2 gm. every hours for 5 or 
more daily doses. The individual dose was 
then increased at 1- to 2-day intervals to 0.4 
gm., 0.6 gm., 0.8 gm., 1.0 gm., and 1.2 em 
On this increasing dosage, high blood quini 
dine levels were rapidly obtained, and al 


though serious toxic effects were rarely en 


countered, many patients were quite un 
comfortable because of dizziness, nausea, vom 


iting, and diarrhea. With the mor 


studies with respect to quinidine 


recent 
excretion 
ind quinidine blood levels*, patients are now 
started on a dosage of 0.2 gm. 4 times daily 
This is maintained for 3 days. If conversion 
does not occur, the dose is raised to 0.4 gm 
1 times daily for 3 davs, and then. if neces 
sary, to 0.6 gm., 0.8 gm 1.0 gm., and 1.2 
gm. 4 times daily, each dose being main 
tained for at least 3 davs. Only when rever- 
sion does not occur on a dose ot ] 2 vin. 
times daily 1S the scheduk of pe hourly doses 
resorted to, that is, 1.2 gm. every 2 hours for 
a total daily 
dose of 6.0 gm. was not exceeded, but in a 
few patients a total of 7.2 gm. was given. 


5 or more daily doses. As a ruk 


rhe patient is carefully observed during 
the above treatment. Symptoms of dizziness, 
nausea, vomiting, and diarrhea are not in 
frequent and are not, in themselves, consid- 
ered a contraindication to continuation of 
therapy. taken before 
each dose of quinidine. Any appreciable drop 


Blood pressures are 


PREATMENT 


AURICULAR FIBRILLATION 
in blood pressure 20 mm. or more of 
diastolic pressure ) is considered an indication 
for discontinuing quinidine, at least tem 
porarily. Electrocardiograms strips) are 
taken twice daily. It has been our experi 
ence that a definite diagnosis of — the type 
of rhythm cannot always be determined clini 
cally. An irregular auricular flutter will simu- 
fibrillation and a 2:1 or 
1:1 flutter, or nodal rhvthm can simulate a 


regular sinus rhythm clinically 


late auricular 


Results. Conversions Quint 
pine. (See Table 5). Of the SO cases 
studied, successful reversion to a regu- 
lar sinus rhvthm was obtained in 67 


S3.87). It is of further interest to ana- 


rABLE 5. CONVERSIONS TO) NORMAIT 
BEAT WITH QUINIDINE THERAPY 
Type of Vo. of Vo 
Heart Disease Cas Cor 
Degenerative +t +4 
Rheumatic, total 25 13 52 


Mitral (or mitral 


plus aortie 10 
Thyrotoxi 100 
Unelassified 7 
Toral 67 


Ivze the percentage of reversion in re 
lation to the type of heart disease. 

1. Degenerative Group. It is note 
worthy that in all 44 (1007) patients 
with arteriosclerotic and/or hyperten 
sive cardiovascular disease reversior 
occurred. This result is possibly for 
tuitous and probably does not meat 
that in every such case will the rhythn 
be converted to normal. However, i 
does indicate the very high incidenc: 
in which reversion will occur. As 
rule very high doses of quinidine wer 
not necessary; in the average patien 
reversion occurred on 0.4 to 0.6 gm. 
times dailv. 

z.. Thyrotoxic Group. In all 4 p 


tients in this group reversion followe 
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treatment. All patients were initially 
rendered euthyroid with propylthioura- 
cil and iodides before quinidine was 
civen. Hlowever, it will be of interest 
to cite one of the above patients who 
returned 18S months after his first hos- 
pitalization with recurrent hvperthy- 
roidism (BMR = [basal metabolic rate] 

37) and recurrent auricular fibrilla- 
tion. Because he had been unsuitable 
for surgery he had been maintained on 
propvithiouracil (150 me. per day) and 
quinidine (0.4 gm. 4 times daily) for 
15 months. He remained euthyroid and 
in a regular sinus rhvthm. Both medi- 
cations were then discontinued and 3 
months later he was again hvperthv- 
roid and auricular fibrillation. 
While still hyperthvroid he was given 
quinidine, 0.4 gm. 4 times daily. and 
the rhvthm reverted to normal on the 
rd day. This raises the question of 
the necessity of waiting until the pa- 
tient is euthvroid before attempting 
conversion. One such case cannot be 
used to draw anv definite conclusion, 
but it probably indicates that conver- 
sion can be accomplished while the 
patient is hyperthyroid, but that the 
result mav be more easilv obtained at 
i euthvroid level. 

3. Rheumatic Group. Conversion was 
effected in 13 of the 25 patients with 
rheumatic heart disease (52%). In all 
) patients with aortic valvular involve- 
ment alone. reversion followed treat- 
ment. However, of the 22 natients with 
volvement of the mitral valve (mi- 
tral stenosis) the beat was converted to 
ormal rhythm in 10 (45.57). It is 
therefore apparent that this is the one 
troup of patients in whom conversion is 
iost difficult, but this must not be con- 

dered an indication for not making 
he attempt. Even though the possibil- 
tv of conversion is slightly under 507, 

is still highly desirable. 

1. Unclassified Group. Of the 7 pa- 
ients in this group conversion was ac- 


complished in 6 (85.7%). This group 
is so small and consists of such miscel- 
laneous types of heart disease that no 
further conclusions can be drawn. 


TABLE 6. CARDIAC ENLARGEMENT IN 
80 CASES OF AURICULAR FIBRILLATION 


No. of No. of 

('ases Conversions 
None 14 1+ 100 
Slight 17 12 706 
Moderate YS 24 85.7 
Marked 21 17 80.9 


This rhythm 
was detected electrocardiographically 
in 52 of the SO cases (657). This is 
readily understandable in the light of 
Sherf’s original work', as later con- 
firmed by Prinzmetal®. This matter has 
been discussed more thoroughly in a 
previous publication’. 

Carpiac ENLARGEMENT. (See Table 
6.) There was no appreciable differ- 
ence in conversion rate in relation to 
the degree of cardiac enlargement. In 
those patients with moderate and 
marked cardiac enlargement, the con- 
version rates were 85.7% and_ 80.9%. 
respectively. A greater degree of car- 
diac enlargement did not make the con- 
version more difficult nor did it neces- 
sarily mean that higher doses of quini- 
dine were required. In a few of the 
patients (reported in the following 
paragraphs) the cardiac size was re- 
duced following conversion to a regu- 
lar sinus rhythm. 

Concestive Famure. Ten of the 80 
patients with congestive failure were 
definitely improved both subjectively 
and obiectively following conversion. 
The following are examples of such 
improvement. 


Case 1. J.C., a white male, age 71, had 
hypertensive cardiovascular disease, auricular 
fibrillation, marked cardiac enlargement, and 
right and left heart failure not controlled by 


ts 
] 
il 


bed rest, oxvgen, digitalis, salt restriction, 
and mercurial diuretics. Following conver- 
sion, the patient became fully compensated 
and became ambulant. 


Case 2. W.S., a white male, age 28, had 
rheumatic heart disease, auricular fibrillation, 
marked cardiac enlargement, and_ mitral 
stenosis. He remained in chronic heart failure 
for weeks in spite of bed rest, digitalis, salt 
restriction, and mercurial diuretics. Following 
conversion, he became compensated for the 


first time in his present illness 


Emrpour. As mentioned above, 27.5% 


of the total $0 patients had definite 
evidence of embolization while in 
auricular fibrillation. During the period 
of quinidine administration, three pa- 
tients showed evidence of embolic 
phenomena. These case histories are 
briefly reviewed: 


CasE 3. | P.. a white male, age 39, had 
rheumatic heart disease, auricular fibrillation 
and mitral stenosis. Shortly after admission 
nd while still fibrillating the patient devel 
oped an embolic occlusion of the right 
brachial artery which was relieved by em- 
bolectomy. Two weeks following this he was 
started on quinidine therapy, atter receiving 
anti-coagulant therapy for the previous 14 
days. His beat was converted to a regular 
sinus rhythm on the second day of quinidine 
administration. Six hours following conversion 
he developed a pulmonary infarction and 
iuricular fibrillation recurred. Quinidine was 
maintained in increasing doses and on the 
12th day of quinidine therapy the beat again 
reverted to normal sinus rhythm. Since then 
9 months later) the rhythm has remained 
normal and the patient ‘has had no further 
embolic episodes. He takes a maintenance 
dose of 0.4 gm. 4 times daily. 


Comment. This patient had an em- 
bolic episode shortly before conver- 
sion and it is possible that the second 
embolic episode may have occurred 
without reversion. Yet, for the purpose 
of this study, this must be classified 
as an embolus occurring with quini- 
dine conversion. 

Case 4. P. F., a white male, age 58, had 


arteriosclerotic heart disease with auricular 
fibrillation, no failure, and no cardiac en- 


largement. The beat reverted to normal on 
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the 3rd day of quinidine therapy. Four hours 
after regular sinus rhythm was established, 
the patient developed a motor aphasia with 
no other neurological findings. This disap 
peared completely in 48 hours. It most likely 
represents an embolus to the “motor aphasia 
center” of the brain 


Case 5. C. F., a white male, age 70, had 
arteriosclerotic heart disease with auricular 
fibrillation, congestive failure which re 
sponded to digitalis and salt restriction, and 
marked cardiac enlargement. On the 2nd day 
of quinidine therapy the patient developed 
a nodal rhythm with retrograde P waves 
Quinidine was immediately discontinued and 
the nodal rhythm persisted for the next 48 
hours (the 3rd and 4th days after quinidine 
therapy was begun). On the 5th day a regular 
sinus rhythm was established (quinidine still 
being withheld). Several- hours after onset of 
the regular sinus rhythm the patient devel 
oped a left hemiplegia which probably was 
not embolic in origin. The hemiplegia has per 
sisted for an 8 months’ follow-up period 
The patient has been maintained in regular 
sinus rhvthm with a maintenance dose of 
quinidine of 0.2 gm. 4 times daily 


BunpLE Brancu Brock. As_ stated 
above, 9 patients in this series had 
bundle branch block (6 complete, 3 
incomplete All patients received 
quinidine in routine dosage. In no 
instance was there any evidence of an 
increase in the intraventricular con- 
duction time during administration of 
quinidine. This does not imply that 
widening of the QRS interval may not 
occur with a bundle branch’ block 
However, it does indicate that th 
presense of bundle branch block, in it 
self, does not contraindicate the use of 
quinidine. 

MAINTENANCE Dose. Following con 
version of the beat to a regular sinus 
rhythm, all patients were placed on a 
maintenance dose which was less than 
the dosage given at the time of con- 
version. No definite dosage schedul 
can be given, since in some instances 
the individual maintenance dose can 
be determined only by trial and error 
However, in general, those patients in 
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whom the rate was converted to nor- 
mal with a dose of 0.4 gm. 4 times 
daily have satisfactorily main- 
tained on 0.2 gm. 4 times daily. Those 
n whom the rate was converted to 
normal with a dose of 0.6 to 0.8 gm. 
t times daily have been maintained on 
0.4 gm. 4 times daily. In some instances 
in which much higher doses were nec- 


essary for conversion, the patients have 
been maintained on 0.6 gm. 4 times 
daily. Some of these patients have now 
been followed for 2 years, and there 
is no known instance of an untoward 
effect from any of the above schedules. 


It is not recommended that quinidine 


be discontinued following conversion 


on the assumption that the regular 
sinus rhythm will be maintained for 
in indefinite period without further 
quinidine. In our experience, auric- 
ular fibrillation promptly returns with 
discontinuation of the drug. The fol- 
lowing case is an example of this and 
f the occurence of a complication of 
the recurrent fibrillation: 
Case 6. W. R., a white male, age 48, 
rst entered the Oakland Veterans Adminis- 
tion Hospital in March, 1948, with the 
nding of rheumatic heart disease, mitral 
nosis, aortic stenosis and _ insufficiency, 
iricular fibrillation, and congestive heart 
lure. The heart was moderately enlarged. 
he failure responded completely to digitalis 
| salt restriction. The heart beat was then 
nverted to normal sinus rhythm with 
iinidine and the patient was discharged 
m the hospital on a maintenance dose of 
| gm. of digitalis leaf once daily and 0.2 
of quinidine 4 times daily. A regular 
us rhythm was maintained up to June, 
49, when quinidine was discontinued by 
private physician. The patient noted the 
turn of an irregular pulse within the next 
nth. He re-entered this hospital in Septem- 
1950, following the sudden onset of a 
t hemiplegia while active. The rhythm was 
icular fibrillation. The beat was again 
verted to normal with quinidine. Had the 
tient continued treatment with the quini- 
e at all times, it is more than likely that 
hemiplegia, which was undoubtedly em- 
would not have occurred. 
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Toxic Effects of Quinidine. Un- 
TOWARD SYMPTOMS. Many of the pa- 
tients receiving quinidine complain 
of nausea, vomiting, diarrhea, dizzi- 
ness, tinnitus, and weakness. As a rule 
these symptoms are of mild to moderate 
severity and in themselves are not a 
contraindication to continuation of the 
therapy. The use of phenobarbital, 
codeine, and paregoric are of value in 
controlling these symptoms. Rarely do 
they reach such seve rity as to require 
discontinuation of the quinidine. In 
this series it was necessary to stop the 
me ication because of these symptoms 
in 2 2 patie nts. One patient was rece iv- 
ing 6.4 gm. per day and the other, 4.8 
gm. per day at the time quinidine was 
discontinued. 

Fatt in Bioop Pressure. This is a 
definite indication for discontinuation 
of therapy. A drop of 20 mm. or more 
in the diastolic pressure should be 
taken as a warning sign and quinidine 
discontinued. This by no means implies 
that further quinidine therapy is con- 
traindicated. When the blood pres- 
sure returns to its former level, quini- 
dine should again be started, but in 
doses lower than that which resulted in 
the blood pressure drop. In this study 
this was never observed as an isolated 
finding. It did occur in 2 patients who 
showed, in addition, electrocardio- 
graphic evidence of quinidine toxicity. 

ELECTROCARDIOGRAPHIC ABNORMALI- 
ries. Auricular Flutter. As has been 
mentioned above, this is merely an in- 
termediary rhythm between auricular 
fibrillation and regular sinus rhythm 
and is definitely not a contraindication 
to continuation of quinidine. 

Ventricular Ectopic Beats. The ap- 
pearance of an occasional ventricular 
ectopic beat in a patient who showed 
no evidence of this prior to quinidine 
is not an uncommon finding. However, 
it should be considered as a warning 
sign and the patient observed very 
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caretully. As the drug is continued, the 
ventricular ectopic beats may increase 
in frequency, may appear in long runs, 
or an actual idioventricular rhythm 
may develop. The occurrence of the 
latter two rhythms is a definite indica- 
tion tor immediate discontinuation of 
quinidine. Here again it does not mean 
that quinidine is not to be given in 
the future. When the ventricular 
ectopic rhythm has disappeared, quini- 
dine can again be administered but in 
smaller dosage than that which re- 
sulted in the abnormal rhythm. The 
following case is an example of such 
an abnormal rhvthm. 


Case 7. E. M., a white male, age 38, had 
rheumatic heart disease, auricular fibrillation 
and mitral stenosis. An electrocardiogram be 
fore quinidine therapy showed auricular fibril 
lation with a ORS time of O.OS) sec On a 


dose of 3.0 gm per day the rhythm was 
auricular flutter with an occasional right 
ventricular ectopl beat. Pha following day 


ma dose of 4.0 gm. per dav the rhythm was 
auricular flutter with frequent right ventri- 
cular ectopl beats, occasionally occurring in 
runs. The next dav while still on a dose of 
1.0 gm. pel day. the auricular flutter persisted 
but the ventricular rhythm was regular and 
all the ventricular compl xes had the con- 
figuration of a left bundle branch block with 
a ORS time of 0.16 sec. Quinidine was dis 
continued. The QRS interval diminished to 
0.08 sec. within the next 24 hours and the 
auricular flutter persisted for 48 hours befor 
auricular fibrillation re-appeared (see Fig. 1 


Widening of ORS. An increase in the 
QRS interval of 25% or more is a de- 
finite indication for the immediate dis- 
continuation of therapy. This merely 
means that the dose of quinidine is 
too high for that particular patient and 
does not indicate that conversion can- 
not result with smaller doses. Examples 
of such occurrences are as follows: 


Case 8. ]. F., a white male, age 67, had 
“idiopathic ” auricular fibrillation of 30 vears’ 
duration; initial QRS interval 0.1 see. On 
1 dose of 6 gm. per day the auricular fibril- 
lation persisted and QRS lengthened to 0.16 


sec. On another occasion, on 5.0 gm. per day 
the QRS interval increased to 0.14 sec. with 
persistence of the auricular fibrillation. On 
both these occasions the blood quinidine 
level was quite high. Subsequently, on doses 
of 2.4 to 3.2 gm. per day which resulted in 
much lower blood quinidine levels, a regular 
sinus rhythm was established with the QRS 
interval remaining at O.L se 


Case 9. R. C., a white male, age 71, had 
rheumatic heart disease with aortic stenosis 
and insufficiency and chronic congestive heart 
failure. An electrocardiogram revealed auric 
ular fibrillation, left ventricular hypertrophy 
and a QRS time of 0.11 sec. Blood pressure 
before quinidine was 190/82. On a dose of 
+0 gm. per day the patient became quit 
weak, dizz\ and nauseated. The blood 
pressure tell to 140/60 The electrocardio 
gram showed an auricular flutter with 
widening of the QRS interval to 0.18 sec 


Quinidin was discontinued. Seventeen hou 


later the rhvthm was regular sinus with 

ORS of 0.11 sec. Quinidine was then restarte: 
and maintained at 0.4 om. 4 times daily The 
regular sinus rhythm was maintained witl 
marked lessening in the de UTE of heart fail 
ure which previously resisted ll other 


ther ipe utic measures 


(CASE 10 ( i white ale iv 65 hac 


arteriosclerotic heart disease wricular fibril 


lation, and a QRS interval of 0.09 sec. Or 


i dose of 5.0 gin, pel dav the auricular fibril 


lation pe rsisted and the ORS interval lengtl 


ened to 0.16 see Quinidine was discontinued 


Twenty hours later the rhythm was regul 
sinus with a ORS interval of O.1L sec. Quin 
dine was again started in a maintenance dos 
of 0.4 gm. 4 times daily. The regular sinu 
rhythm was maintained and the QRS inters 
returned to 0.09. sec 


Auriculo-Ventricular Nodal Rhythn 
Occurring During Quinidine Therapy 
This type of rhythm appeared in | 
patients (8.9%). In 2 of the 6 there wa 
no electrocardiographic evidence 0 
auricular activity and in the remainin 
1 there was auricular activity as e\ 
denced by retrograde P waves". It 
of interest to note that in all instanc 
this rhythm occurred with higher leve 
of quinidine in the blood than thos 
taken at the time of conversion to 
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regular sinus rhythm; and that the auric- 
ulo-ventricular nodal rhythm was con- 
erted to regular sinus rhythm when 
the dose of quinidine was reduced or 
temporarily discontinued. 

\uricular-Ventricular — Dissociation. 
The presence of this rhythm in any pa- 
tient, regardless of an associated auric- 
ular rhythm of fibrillation or flutter, 

a definite contraindication to the use 
quinidine. Likewise the develop- 
ment of such a rhythm during quini- 


dine administration necessitates im- 


mediate discontinuation of the drug. 
This rhythm occurred in one case: 


Case IL. P. G.. a white male, age 58, had 
hypertensive and arteriosclerotic heart dis- 
ease, auricular fibrillation, chronic congestive 
heart failure, and marked cardiac enlarge- 
ment. Digitalis was pushed but the ventricu- 
lar rate could not be reduced below 120 per 
minute. Quinidine was then begun. After the 
patient had received 2.4 gm. of quinidine 
daily for 3 days, the electrocardiogram re- 
vealed a complete auriculo-ventricular  dis- 
sociation with an auricular rate of 64 and 
a ventricular rate of 75. It was felt that this 
could be the result of too much digitalis, too 


|.—Case 5 (E.M.). The above electrocardiograms are all lead V,. A, before quinidine 


rapy; B, 3rd day of quinidine therapy; C, 


nidine therapy; E, F, and G, 1, 2, and 


ith day of quinidine therapy; D, 5th day of 


3 days, respectively, after discontinuation of 
quinidine therapy. 
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much quinidine, or a synergistic action of 


both 


hours 


these 2 drugs Cheretore drugs were 
later the 
rhythm was regular sinus with a rate of 70 
Digitalis leat 
0.1 gm. per day and quinidine was given in 
a dose of 0.4 gm. 4 times daily. On these 
maintenance regular sinus rhythm 
Further 


( leared 


discontinued lwenty-tour 


was then begun in a dose of 


doses the 
persisted with no untoward effects 
heart 


conversion 


more the congestive failure 


completely following 


DEATH 
quinidine administration. The case his 


One death occurred during 


torv is as follows: 


Case 12. H. P., a white male, age 52, had 


rheumatic heart disease, auricular fibrillation 


litral stenosis, and chronic congestive heart 
failure unresponsive to the usual therapeutic 
revealed 
a ORS interval of 


therapy was then begun 


measures The  electrocardiogram 


vuricular fibrillation with 


0.12 sec 


Quinidin 


The first dav the patient received 2) gm 
[he second day he received 3.0 vin the last 
dose being given at 3:00 p: m. At 4:00 p.m 


the electrocardiogram revealed a 2:1 auricu 
lar flutter with a ventricular rate of 90. The 
ORS No ectopi beats 

present. At 4:30 p. m. the patient was 
gain checked by his physician. The 


interval was 0.15 sec. 
Werwre 
patient 
had no complaints and there was no change 
in the patient was 
found dead in bed at 5:00 p. m. The autopsy 


physical findings. The 


revealed mitral stenosis. There was no evi 


ce nce ot emboli No obvious cause of death 


could be determined pathologically 


The cause of death in this patient 
is uncertain. It is possible that this rep- 
resents a “central” effect on the respira- 
tory and vasomotor centers or the 
ventricular 

result of 


quinidine. Although similar deaths oc- 


sudden appearance of a 


fibrillation or asystole as a 
cur in cardiac patients who are not re- 
ceiving quinidine, this case must be 
classified as a possible quinidine death. 

Discussion. It is felt that 
the present concepts regarding quini- 
dine must be revised. Unfortunately 
there is a feeling among many intern- 
ists that quinidine is a highly toxic 


drug and that its use in conversion of 
auricular fibrillation is quite limited. 
Admittedly there are some potential 


PREATMENT OF 


many of 


AURICULAR FIBRILLATION 


toxic effects, but when the drug is used 
properly these can be reduced to a 
minimum. Are we to refrain from. the 
proper use of this drug because it is 
not completely innocuous? If so, should 
we ever have used such valuable medi- 
cations as salvarsan, emetine, or the 
sulfonamides? 

Congestive heart failure and cardiac 
enlargement have been considered by 
some to contraindicate the use of quini 


dine for conversion of the beat in auric 


ular fibrillation to normal. such 
conclusion can be drawn from. this 
study. In fact, to the contrary, the pa 


tient may have definite improvement 
in his compensation with actual re 
duction in heart size following conver 
sion. 

One major fear in the use of quini- 
dine has been the possibility ot em 
conversion of — the 


bolism following 


beat to a regular sinus rhythm. From 


this study it can be seen that the odds 
are approximately 7 to 1 in favor of a 
patient suffering 


while fibrillating 


an embolic episod 
as compared to the 
likelihood of occurrence at the time of 
conversion to a regular sinus rhythm. 
It has been stated “ . 
in long-standing auricular 


its (quini 
dine ) use 
fibrillation has for the most part been 
abandoned”. This study has included 
many patients in whom the duration of 
the fibrillation was known to be from 

to 10 vears. The conversion results 
were quite excellent and there was 1m 
definite correlation 
toward effects of the drug and the dura 
tion of the fibrillation. It was both su 
prising and gratifying to see the eas: 
in which the beat of ' these 
long-standing especially 


between the un 


many of 
fibrillators, 
those in the degenerative heart group 
was converted to normal. 

The advisability of the simultaneou 
use of digitalis and quinidine has bee: 
questioned by some. In this study prac 
tically all the patients did receive bot! 
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irugs. Furthermore, the majority of 
these patients were in congestive fail- 
ire and therefore required digitalis. In 
only one instance (case P.G.) was 
here a possibility of toxicity from the 
vnergistic action of the 2 drugs. It was 
pointed out that this patient had been 
over-digitalized in an attempt re- 
luce the ventricular rate. Certainly 
from a practical standpoint, with care- 
ful observation of the patient, there is 
no contraindication to the simultaneous 
use of these 2 drugs. 

The appearance of toxic effects of 
quinidine in any given patient (fall 
in blood pressure, electrocardiographic 
ibnormalities ) is not a contraindication 
to future use of the drug in that pa- 
tient. It merely is an indication that too 
igh a dose had been given and does 
not indicate “sensitivity” of the patient. 
\fter the toxic manifestation has dis- 
ppeared, the administration of quini- 
line in smaller doses can produce the 
desired ettect 


There is no constant correlation be- 
tween the time of administration of the 
drug, the expected height of the blood 
quinidine level, and the time of con- 
version. It was not uncommon to have 
the beat revert to a regular sinus 
rhythm, not at a period approximately 
2 hours after the last dose of the day, 
at which time the blood level should be 
at its peak, but 6 to 12 hours later. 
Likewise, as has been illustrated above, 
high doses can produce toxic effects 
with maintenance of the auricular fi- 
brillation and smaller doses can result 
in Conversion. 

Summary. 1. The results of treat- 
ment with quinidine in 80 patients 
have been reviewed. 

2. An appeal is made to the intern- 
ist for a revision of many of the older 
concepts regarding quinidine which 
should result in a more widespread, 
vet judicious, use of this valuable drug. 


ADDENDUM: Since completion of the above study, 31 additional cases have been studied, Con- 
ersion Was successtul in 24, giving an over-all percentage of 82%. Of these additional cases, 20 


vere in the degenerative group and 11 in the rheumatic mitral group. Conversion was accom- 


lished in 17 of the former group and LL of the latter, resulting in an over-all conversion rate 


95.3% and 55 re spectively 
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SUCCESSFUL USE OF 


ACTH IN 


THE TREATMENT OF 


AGRANULOCYTOSIS DUE TO SULFADIAZINE 


By Joun S. M.D.° 


SEATTLE, 


luis is a report of a case of agranulo- 


cyvtosis due to a_ toxic depression of 
bone marrow produced by a sensitivity 
reaction to sulfadiazine which was be 
ing administered for urinarv bacterio- 
stasis and pneumonia. The patient was 
treated with ACTH with rapid, re- 
markable, and at the time of this writ- 
ing, complete 
that Olle 
dence on which to base the response of 


ACTH: however. be- 


cause in this instance it was considered 


recovery. It is realized 


case is hardly sufficient evi- 


this condition to 


to be a life saving procedure, it is be 
ing reported so that others who find 
this relatively rare and often fatal con- 
dition may give the medication further 
trial. 

Many treatments have been suggested 
and none have been proved to be of 
definite value in changing the picture 
of the 
blood. 
and found of questionable value, are: 
pentnucleotide, folic acid, vitamin By». 
and blood The 


treatment is limited to discontinuing 


bone marrow. or periph ral 


Among those things suggested, 


transtusions. present 


> ad- 
ministration of antibiotics to control in- 


the use of the causative agent! 


tections, to which these subjects are 
very susceptible and have almost no re- 
sistance, and other supportive measures. 
This is frequently sufficient to effect 
the 
protracted, 
period of several weeks. 
\ review of the literature 
shows 2 medications to be frequent of- 


recovery: however, recovery is 


sometimes requiring a 


recent 
fenders in causing this disease. They 
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are the antihistamines and the sulfona 


mides. Many other medications may 
cause the condition, and there are 
countless reports — of these agents 


among which are pyramidon dilantin 
and thiouracil. The first two mentioned 
are ot particulai significance because 
of their widespread and frequent us 
age. 

Thorne and co-workers*, in a recent 


ACTH 


immunological 


cortisone, 
etlects ol 
the adrenal steroids and mention the 
work of Dougherty White 
who marshalled an 


publication on and 


discuss the 


and Chase, 
have impressive 
arrav of evidence from animal studies 
to support the hypothesis that certain 
adrenal steroids lead to increase 
in the circulating antibodies and that 
this effect is brought about through in- 
volution of Ivmphoid tissue and a re- 
lease of antibodies contained within 
the cells. At the present the bulk of 
evidence fails to support a significant 
effect of adrenal steroids on antibody 
Inhibition of the 


local reaction to intradermal injection 


formation man. 


of tuberculin in hyperimmune guinea 
after 
administration 


pigs has been demonstrated 


ACTH 


and both of these medications have pre 


and cortisone 
vented anaphylactic reaction in rats fol 
the parenteral 
white. These investigators als 


lowing administration 


of egg 
state that it is becoming clear that ad 
renal hormones are capable of inhibit 
ing at least delayed reactions of th 
tuberculin type when adequate dose: 


are administered for a sufficient perio 


Hospital, Cleveland 20, Ohio 


} 
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of time. It appears possible that the 
adrenal steroids alter the allergic re- 
action of tissues that follows the union 
of antigen and antibody, probably by 
inhibiting the formation of histamine 
and accelerating its breakdown. It also 
appears that ACTH and cortisone may 
disassociate the harmful effects of hy- 
the beneficial re- 


persensitivity from 


actions of immunity. 
The cvtological response produced 


ACTH is one 


eosinopenia, and an 


by the administration of 
of Ivmphopenia 
increase in the number of circulating 
polymorphonuclear neutrophils. Its ad- 
ministration ordinarily results in an in- 
in the reticuloevte count and an 
in the erythrocyte count in the 
Normal and ele- 
ervthrocyvte counts 
ACTH. After the discon- 
tinuance of hormone therapy there is 


CTeCASC 
increase 
presence of anemia. 


vated 
unatlected by 


are usually 


usually a rise of eosinophils within 53 


lavs, characterized by a rebound over 
md above the initial pretreatment con- 
trol level. There does not appear to be 
inv effect on the platelets. 

At the present 
that could be 
of the use 


treatment 


time the onlv case 
in the literature 
ACTH in the 
of agranulocytosis was pre- 
Caldwell, Adams. 


Thev successfully treated a 


found 
of cortisone or 


sented by Anderson. 


md Dick? 
patient with agranulocytosis due to the 
sulfadiazine. sulfa- 
and sulfamethazine in com- 


prolonged use of 
merazine 
hination, by using cortisone. This case 
did not anpear to be as critical as the 
me which will be discussed; however, 


the response was essentially the same 


nd very dramatic. 
Case Report. The patient was a_ healthy. 
bust, 36-vear old, deep sea diver who, on 


November 12, 1950, de veloped caisson dis- 
ise. He 170 feet below the surface of 
e water for 45 and had only 5 


was 
minutes 
decompression time while return- 
ng from this depth. He rapidly developed 
wusea, intense abdominal 


vomiting, pain, 


nd weakness of the legs which progressed 
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to complete paraplegia with anesthesia up to 
the nipple level of the chest. A decompres- 
sion chamber was not available and he was 
treated with other conservative 
measures at another hospital. He had a “cord 
bladder”, with urine neces- 
sitating an indwelling catheter, and devel- 
oped cystitis which was treated for  sev- 
eral days with penicillin. He was transferred 
to. this hospital on November 22, 1950, 10 


oxygen and 


incontinence of 


days after the accident. 
At the 
had 


and 


admission still 
weakness of 


time of his 
paraplegia, abdominal 
back and 
the nipple level. He also had a fine, ery- 
thematous body 


which had come on during penicillin therapy 


muscles, anesthesia up to 


rash over most of his 
and was considered to be due to a sensitivity 
reaction to penicillin. It subsided rapidly with 
administration of pyribenzamine. Five days 
after again developed cystitis 
and was placed on sulfadiazine, 1.0 gm. 3 
times daily. His only other treatment at that 
time was physiotherapy and B-complex vita- 


admission he 


mins. On his 12th hospital day the patient 
began complaining of cough, left chest pain, 
chills, and fever. His temperature was 103.6 
and a roentgenogram of the chest showed a 
small patch of pneumonic infiltration in the 
lower lobe of the left lung. He had been 
maintained on the above dose of sulfadiazine 
to control cystitis. Because of his previous 
reaction to penicillin, the dose of sulfadiazine 
was increased to 1.0 gm. every 4 hours, and 
the penicillin was withheld. He was worse 
the following day so was placed also on 
500 everv 6 hours. His 


aureomycin, 
symptoms and fever gradually subsided over 


a period of 7 days and his medications were 
discontinued. At that time, December 12, 
1950, a white blood count, which 
previously had been either elevated or with- 
in normal limits ranging from 7,200 to 13,200, 
found to be 2,900 per cc. mm. with 
neutrophils 39%, Ivmphocytes 60% and mono- 
evtes 1%. During the next 6 days his white 
count steadily fell to a low of 450 cells, all 
of which were lymphocytes. At this time the 
patient was extremely ill. He had chills and 
fever to 105 degrees, with profuse diaphore- 


routine 


sis. His respirations were rapid and shallow, 
he had moderate cyanosis of the lips and 
nail beds, and developed a gallop rhythm of 
his heart. His pulse ranged from 90 to 105 
and his death appeared imminent. A sternal 
marrow stud, was done and showed an al- 
most complete arrest of maturation of the 
myeloid cells occurring at the progranulocyte 


stage. 


: 
| 
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On December 19, 1950, 25 mg. of ACTH 

were given and continued every 6 hours for 

3 davs. The dose was then cut to 15 mg 

every 6 hours, continued for days, and 

then cut further to LO mg. every 6 hours 

and continued for another days. The pa 

tient received a total dose of 500 mg. over 


period of 7 davs. The response was rapid 
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content of the marrow was still much 
dominated by myeloblasts and progran- 
ulocevtes, there was evidence of further 
granulocytic differentiation, and a few 
mvelocvtes, metamyelocytes, and even 
mature polymorphonuclear cells were 
The differentiation 


observed. nuclear 


and very dramatic as the accompanying 
OT! iph of total white blood counts demon had tar outstripped cytoplasmic and 
80, 000 
70,009 
60,000 
50,000 
40, 000 
3,000 4 
20,000 
10,000 
Total Days 10 30 40 60 
DECEMBER JANUARY 
as 
Mil 
ACTH 
Fic, 1.—Graph showing total white blood cell count before and after treatment with ACTH 


in a patient with agranulocytosis due to sulfadiazine 


strates. Within 24 hours the patient st ited he 
felt much better. The gallop rhythm, dyspnea, 


ind cyanosis had largely subsided. After 72 


hours 


the temperature had returned to nor- 
mal and the patient was asymptomatic ex- 


cept for his paraplegia. 


A bone marrow study done 2 days 


after ACTH therapy was begun showed 
marked change. Although the cellular 


granule differentiation; not infrequently 
metamyelocytes were observed with 
immature blue cytoplasm and azurophil 
granules. A third marrow examination - 
done 10 days after ACTH therapy was 
begun showed marked granulopoietic 
evidence of matura- 


activity without 


tion defect. 
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During the time that the white count 
was markedly elevated peripheral 
blood smears showed a verv_ bizarre 
leukocyte Several progran- 
ulocytes and metamyelo- 
as well as more 
Many mature and near- 
mature neutrophils exhibited basophilic 
granulations either toxic 
granulation or failure of cytoplasmic 
granular differentiation to keep pace 


picture. 
myelocytes, 
cvtes were observed, 
mature forms. 


suggesting 


with nuclear differentiation. Subse- 
quent smears showed a gradual de- 
crease in the number of immature 
forms and a progressive return to a 
more nearly normal peripheral blood 
smear. On January 8, 1951, the white 


blood count was 9,500 with 73% poly- 
morphonucle ar cells, 24% lymphocytes, 
At the date of writ- 
50 days after the onset of agran- 


and 3% monocytes. 
Ing, 
ulocytosis and 31 days after cessation 
of treatment with ACTH, the periph- 


eral blood has continued to remain 
within normal limits as to total cell 
count, differential count, cell 


morphology, except for a short period 
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of rise in the eosinophil count when 
the patient deve loped sensitivity to 
tincture of benzoin applied to a bed 
sore. He had a rash at that time which 
rapidly subsided along’ with the 
eosinophil count when the medication 
was discontinued. 

Sensitivity tests to sulfadiazine were 
contemplated in order that the etiology 
of the agranulocytosis and its re sponse 
to ACTH could be positively estab- 
lished. However, they were deemed in- 
advisable the patient's 
condition. 

Summary. 1. 


because of 


recommended 
agranulocytosis — is 
many 
immunologic 


Present 
treatment for un- 
satisfactory in instances. 

The and_antialler- 
genic properties of ACTH and corti- 
sone are briefly discussed along with 
the cytologic response to their admin- 
istration. 

A case of severe agranulocytosis, 
treated ACTH with rapid and 
apparently complete recovery, is pre- 


with 


sented. 


The author expresses his appreciation to Dr. Q. B. De Marsh, hospital consultant in hema- 


tology, for this help and advice, and to Dr. 


Stanley k. 


Davis of the Pathology department 


of the hospital for his excellent reports of e xamination of the numerous sternal marrow and 


peripheral blood smears. 
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THE EFFECT OF ANTIBIOTICS (P 
TERRAMYCIN) ON THE FATALITY RATE 
COMPLICATIONS IN: PNEUMOCOCCIC 


ENICILLIN, AUREOMYCIN, AND 
AND INCIDENCE OF 
PNEUMONIA, A 


COMPARISON WITH OTHER METHODS OF THERAPY 


By Harry 


PROFESSOR AND HEAD 


DEPARTMENT Ot 


Dowiinc, M.D 


PREVENTIVE MEDICINE 


AND 


\iark H. LEPPER 


CHICAGO 
rou 


Tue dramatic drop in the death rate 
from pneumonia following the intro- 
duction of the sulfonamides, and later 
of penicillin, is now common knowl- 
edge. As a result of these spectacular 
changes, the impression has become 
prevalent that we have now reached 
“irreducible minimum” of deaths 
from pneumonia in this country, that 


all 


the conquest of pneumonia is there- 
fore complete, and that the treatment 
of patients with pneumonia no longer 
presents any problem. 

Betore accepting these conclusions, 
it seemed important to us to find out 
the reasons for the deaths which still 
occur among patients with pneumonia 
while thev are receiving approved anti- 
biotic therapy and whether anvthing 
can be done to prevent these deaths. 
Since the pneumococci cause the great 
majority of all bacterial pneumonias 
and since the bacterial pneumonias are 
responsible for nearly all the deaths 
which occur as a result of pneumonia, 
we have analyzed our data on patients 
with pneumococcic pneumonia. Rec- 
ords were available for all of the adult 
patients with this disease who were 
treated by us at the Gallinger Muni- 
cipal Hospital from September 1, 1938. 
through May 31, 1950. Only 


cases in which a pneumococcus 


those 
was 
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tvped from the sputum blood, and/or 
other body fluid or exudate have been 
Manv. ot 


been reported previously in connection 
11 


included. these cases have 
with special studies on pneumonia!” 


Patients. All 
treated with sulfonamides have been 


Analvsis of patients 
grouped together. They received either 


sulfapy ridine, sulfathiazole,  sulfadia- 
sulfamethazine, 
of 


drugs. The few patients who received 


zine, sulfamerazine 


gantrisin, or combinations these 


specific anti-pneumococcic serum in 
to 


placed in the sulfonamides group. Pa- 


addition sulfonamides have been 
tients treated with penicillin, aureo- 
mvcin, or terramvein have been placed 
in the antibiotics group. A small num- 
of both 


penicillin and sulfonamides have been 


ber patients who received 
classified as receiving antibiotics. There 
were 1,274 patients in the sulfonamides 
group and 920 patients in the antibiotics 
group. 

Tue RELATIONSHIP OF AGE TO DEATH 
FROM PNEUMONIA. In Table 1 and Fig 
1, the patients have been arranged ac- 
cording to their ages and have been 
compared with 1,087 patients who re- 
ceived no specific treatment and 889 
patients who were given specific anti 
The latter 


groups were made up of cases reported 


pneumococcic serum. two 
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PABLE 1. CASE FATALITY RATES IN PNEUMOCOCCIC PNEUMONIA ACCORDING TO 
AGE OF PATIENTS AND METHOD OF TREATMENT 
Treated with 
Treated with Treated with Penicillin, Aureomycin 
No Speerfie Treatment Specific Serum Sulfonamides or Terramycin 
tye Grou Died Died No. Died Died No. Died Died Vo. Died Died 
Ot lle 121 2 2 Lit 3 2 
0 170 7 279 162 2 l 
’ | ath 141 22 107 
6a 72 0 12 29 72 11 1 
\ SSY 150 1274 157 12 920 47 
? 
60} METHOD OF TREATMENT 


Specific serum e---- 
IUPF 
- Sulfonamides O——0O 
Antibiotics 
~ 
S 30F 


No specific treatment 


— 


Age 


rom the Boston City Hospital by Fin- 
ind and his associates?:!*" and from 
ie Cincinnati General Hospital by 
uegsegger and his coworkers!, and 
patients treated by one of us (H. 

D.) at the Gallinger Municipal Hos- 
tal prior to 1938. In contrast to the 

er-all case fatality rate of 30.5% for 
tients who received no specific treat- 
nt, the fatality rate for patients 


10-19 ; 20-29, 30-39 40-49 50-59 60-69 | 70+ 


in yeors 


Fic. 1.—Case fatality rates in patients with pneumococcic pneumonia in relation to age. 


treated with specific serum was 16.9%, 
and for those treated with sulfona- 
mides, 12.3%. The fatality rate follow- 
ing treatment with the antibiotics 
(5.1%) was considerably lower than 
that achieved by any of the previous 
methods of therapy. The effect of age 
upon these rates is shown particularly 
well in Fig. 1. In patients treated symp- 
tomatically the fatality rate rose pro- 
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gressively with age. Specific serum pro 


duced a pronounced reduction in the 


VATIONS 


IN PNEUMOCOCCIC PNEUMONIA 


can be obtained. 


which portrays 


this period of life 
however, from Fig. 


even in patients over the age of 59 
vears the fatalitv rate was still 15%. 

It is unfortunate that we do not have 
sufficient data on children and infants 
to determine the effect of present-day 
treatment on recovery in those age 
groups. Some idea of the relationship 


of age to death from pneumonia in 


age groups from 20 through 59, but the death rate per hundred thousand , 
apparently had no effect in patients of population in the United States for | 
over the age of 69. Among the patients the vear 1948'*. By that year, it may | 
who were treated with sulfonamides be assumed, penicillin treatment was | 
there were fewer deaths at all ages available to everyone, so that these re- 
from 30 vears on than in the patients sults are probably typical of those | 
who received serum, although the fa- which can be obtained when present- 
tality rates for patients over the age of | day therapeutic measures are employed | 
{9 vears were still high in the sulfona- under the current methods of medical 
mides group. The antibiotics were re- - care. From Fig. 2 it is evident that 
TH L FORM 
N THE UNITED STATES 4 F GE 
4 3034 40-44 50-54 60-64 4, 
9 2-29 3539 45-49 55-6 69 
roug ears) 
Fi Z LD rates trom pneumonia ill forms in the United States for the vear 194 
according to age 
sponsible for a further lowering of the the highest mortality rates occur 
fatality rates from the age of 30 years infants under 1 year of age and 
on, although it should be noted that persons over 64 years of age. TI 


steady rise in the mortality rate fro 
ages 35 to 65 vears is still a challen; 
to our therapeutic skills. 

RELATION OF BACTEREMIA TO PROGN 
sts. Among the factors which make |t 


a poor prognosis, bacteremia has 


wavs been considered one of the m« 
important. An admission blood cultu 


| 


it 
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was taken on all our patients and in 
some cases, where the response to 
therapy was not satisfactory, additional 
blood cultures were obtained. This in- 
formation is shown in Fig, 3. Among 
the 96 patients with positive blood 
cultures who were treated with anti- 
biotics in our series, 13 (138%) died, 
whereas among 972 patients with nega- 
tive blood cultures, 37 (4%) died. 


square test. Among the patients under 
the age of 50 years who were treated 
with antibiotics the difference between 
the 12% and the 2% case fatality rates 
in patients with and without bactere- 
mia, respectively, was statistically sig- 
nificant. Among the patients over the 
age of 49 vears the difference between 
the fatality rates of 17% for those with 
bacteremia and 10% for those whose 


TREATED [_]: Biood ultures ne tive 
WITH 
Sulfonamides 
: 6% 
'2 
Antibiotics 
"147% 
' Sulfonamides 
26% 
Antibiotics 
1/0 % 
10 20 30 40 50 


Case fatality rate (per cent) 


3.—Case fatality rates in patients with pneumococcic pneumonia in relation to bacteremia. 


(he corresponding figures for patients 
reated with sulfonamides were: among 
59 patients with bacteremia, 46 (297) 
ied; among 957 patients without bac- 
remia, 100 (10%) died. The difference 
etween the fatality rates in sulfona- 
iide- and antibiotic-treated patients, 

both the bacteremic and non-bac- 
remic groups, is highly significant 

the chi square test. The relation of 
icteremia and age to the results of 
eatment with sulfonamides and with 
itibiotics is shown in Fig. 3. All of 
e differences shown for the sulfona- 
ides group were significant by the chi 


blood cultures were negative was not 
statistically significant. 

It seems likely that in patients treated 
with sulfonamides both age and the 
presence of bacteremia were important 
in relation to the outcome of the pneu- 
monia. In patients treated with anti- 
biotics the presence or absence of bac- 
teremia was an important prognostic 
sign in patients under the age of 50 
vears. In patients over the age of 49 
vears who received antibiotic therapy, 
other factors apparently played a 
greater part in determining the progno- 
sis than the presence of detectable 


| 

I 

S 
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) 
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numbers of pneumococci in the blood 
One otf 
doubtedly the presence of the compli- 
cating diseases which frequently oc- 
curred in the 


stream. these factors was un- 


older persons, and 
another may have been the physiologi- 
cal effect of age itself upon the defense 
mechanism of the patient. 

RELATION OF EARLY TREATMENT TO 
Procnosis. If a therapeutic 


intectious 


Te 
agent 1s 


ettective in an disease, its 
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with sulfonamides during the first 4 
days of the 5% of the patients 
died, as compared to 10% of the pa- 
tients whose treatment started 
after the 4th day. 
statistically significant. 
over the ‘age of 49 
treated with sulfonamides, the 
disease when treatment was started ap- 


disease, 


was 
difference is 
(Among patients 


This 


vears who were 


day ot 


peared to have no effect upon the prog- 


nosis. Among the patients who were 
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Day 


of disease when treatment wa 


started (Ist 4 days 


TREATED 5th day or later 
T 
5% 
110% 
05% 
2: Antibiotics 
ou ZA 2% 
25% 
~ Sulfonamides 
124% 
Antibiotics 
1/0% 
T T 
5 10 15 20 25 
Case fatality rate (%) 


Fic, 4. 
treatment 


value is usually directly proportional 
to the promptne ss with which treat- 
ment is begun. We have divided our 
patients into those whose _ treatment 
was started during the first 4 days of 
the disease 
was begun 


and those whose treament 
on the 5th day or later. 


The patients above or below 50 years 
of age were then analyzed se parately. 
The results are shown in Fig. 4. 

In the group of patients under 50 
years of age who were first treated 


Case fatality rates in patients with pneumococcic pneumonia in relation to the tim 
was started. 


treated with antibiotics the fatality 
rates were lower for patients of all ages 
when therapy had been started befor« 
the 5th day of the pneumonia thar 
when therapy was be ‘gun later thai 
this. The differences were 
tically significant, 
insufficient number of cases. 

It would seem, therefore, that th 
promptness with which treatment wa 
initiated made for a better prognosi 
if the therapeutic agent was sufficient! 


not statis 


however, due to at 
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effective, as in the younger patients 
treated with sulfonamides nil patients 
of all ages treated with antibiotics. On 
the other hand, where the course of 
the disease was unfavorable as in o 
tients in the 6th and later decades « 
life, sulfonamides were apparently be 
sufficiently effective to bring about the 
recovery of a significant proportion of 
the patients if treatment was started 
late. 

RELATION OF TYPE OF PNEUMOCOCCUS 
ro Procnosts. We have analvzed ou 
series of antibiotic-treated patients to 
determine the relationship of the type 
of the infecting pneumococcus to the 
outcome of the disease. When the fac- 
tor of age was excluded, there was a 
slightly higher fatality rate for patients 
with Type II] pneumococcic pneumo- 
nia than for patients with pneumonias 
caused by the other commonly en- 
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countered types. This difference be- 
tween types was not so pronounced, 
however, as in patients who were 
treated with sulfonamides or serum, or 
in patients who were symptomatically 
treated. The other factors previously 
mentioned, such as age of the patient, 
presence of bacteremia, and prompt- 
ness of treatment, were relatively more 
important. 

CoMPLICATIONS OF PNEUMONIA. The 
complications which occurred in the 1,- 
250 patients treated with sulfonamides 
and in the 750 patients treated with 
penicillin, aureomycin, or terramycin 
have been tabulated and are shown in 

Table 2. Only those complications are 
included which were observed to de- 
velop after treatment with sulfona- 
mides or antibiotics was started in our 
hospital. It will be seen that the per- 
centage of patients with delayed reso- 


PABLE 2. INCIDENCE OF COMPLICATIONS OF 2.000 CASES OF PNEUMOCOCCTIC 
PNEUMONIA TREATED WITH SULFONAMIDES OR ANTIBIOTICS 


50 Patients Treated 


N wn he r 


Complication of Cases 
Delaved resolution 32 
Pleural effusion 20 
Empyema 24 
Relaps« 22 
Lung abscess 10 
Meningitis 8 
Endocarditis 7 
Pericarditis 
Otitis media 5 
Arthritis and or bursitis t 


Subcutaneous abscess 


Tne ude nee among. 


>50 Patients Treated 


with Sulfonamides with Antibiotics 
Tncidence Number Ineidence 

of Cases 
26 29 3.8 
1.6 
19 07 
1.8 9 
OOS ol 
O.6 
0.6 
04 l 0.1 
04 g 0.38 
0.1 | 

0.1 

6.5 24 


Total bacterial complications 85 
excluding delayed resolu- 
tion and pleural effusion) 


\ 
re 
il 
il 
a 
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lution and uninfected pleural effusion 
was essentially the same in the sulfon- 
the antibiotic- 


treated groups. The bacterial complica- 


amide-treated and _ in 


tions, however, were less than half as 
frequent among the antibiotic-treated 
patients (3.2%) as among the sulfona- 
mide-treated patients (6.8%). 
ANALYSIS OF INDIVIDUAL Dearus. It 
penicillin, aureomycin, and terramycin 
are so effective in the great majority of 
pneumonia, 
why, then, do any patients die? Some of 


cases of pneumococcic 
the reasons have already been given. 
Patients who die are usually in the older 
age groups, often have bacteremia, and 
are often treated late in the disease. 
Further analvsis of the tor 
death cannot be done profitably on a 
quantitative basis; each case must be 
examined individually. When this was 
done for the patients in our series, it 
was evident that the patients under 
50 vears of 


reasons 


age who succumbed to 
pheumococcic pneumonia were either 
treated late in the disease or had some 
complicating condition present. Com- 
plicating conditions which 
sidered significant 
heart failure or 
cerebral 


we cCcon- 


were: congestive 
fibrillation, 
bronchiectasis. 
delirium tremens, diabetic coma, 
the 


causes operated in patients 


auricular 
hemorrhage, 
ure- 
The 
who 
50 vears of age or over and who 
that an occasional pa- 
tient died from a complication of the 


mia, and cirrhosis of liver. 
same 
were 
died, except 
disease itself, such as empyema, menin- 
gitis, endocarditis, pericarditis, or, in 
one case, perforation of a distended 
transverse colon. 

Discussion. Despite the dramatic fall 
fatality rate in 
coccic pneumonia during recent vears, 
many patients still die from the disease. 
Our studies confirm the fact that in 
every wal the antibiotics are superior 
in the treatment 
of this disease, but they also show 


in the case pneumo- 


to the sulfonamides 
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that we do better than we 
doing now. These data present several 
challenges to the medical and public 
health professions: 

1) Many patients are still not treated 
early enough. Education of the public 
to report promptly 
which 


can are 


any symptoms 


are suspicious of pneumonia 
has been nearly 

sult of the all-too-} 
that the “wonder drugs” can take care 


forgotten as a_ re- 
yrevalent impression 


of anvthing. Such education is obvious- 
ly still needed. 

~ 2) Persons with heart disease, neph- 
bronchiectasis, tuberculosis, cir- 
the 


chronic 


ritis, 
mellitus 


be 


onset of 


rhosis of liver, diabetes 


or similar cliseases must 
watched carefully the 


pneumonia and treated vigorously with 


for 


antibiotics at the onset of the disease. 
the 
single group of persons who die among 
adults under the age of 50. Now that 
attitude the 
becoming more enlightened and we 


\ 


3) Alcoholics compose largest 


our toward alcoholic is 
are seeking methods which will turn 
these people into useful and produc- 
tive than 


ever on guard that pneumonia does not 


citizens, we must be more 
carrv them off before we have a chance 
to get to the roots of the alcoholism 
and eradicate it. 

4) Older persons still represent an 
important problem in the treatment of 
pneumococcic pneumonia. While only 
26% of our cases of pneumonia were 
19 vears of 624 


of our deaths fell in these age groups. 


in persons over age, 
Older persons should be under medi- 
cal supervision and should be promptly 
treated with antibiotics when there is 
reasonable evidence that pneumonia is 
present. The data presented in Figs. 
1 and 3 demonstrate the effectiveness 
of antibiotics in these age groups. Phy- 
sicians caring for patients in the older 
age groups may do well to adopt the 
pediatricians attitude toward the 
prompt use of antibiotics when a bac- 
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terial infection of the respiratory tract 
is suspected. This is important because 
pneumonia in the aged may be ac- 
companied by little or no fever and 
may exhibit none of the cardinal signs 
of pneumonia. Consideration should be 
given to immunizing persons above the 
age of 60 or 70 years with pneumo- 
coccal polysaccharides. This has been 
shown by Kaufman! to be a practical 
and effective procedure. 

Summary. 1) In a series of 2,194 pa- 
tients over 10 years of age with pneu- 


mococcic pneumonia, 1,274 patients 
were treated with sulfonamides and 
920. with penicillin, aureomvcin, or 


terramyvecm. 

2) The case fatality rate for all pa- 
tients treated with antibiotics was 5.19%. 
compared to 12.3¢ for sulfonamides. 


The case fatality rate for patients over 
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the age of 59 years who were treated 
with antibiotics was 15%. 

3) The relationship of bacteremia, 
promptness of treatment, type of in- 
fecting pneumococcus, and complicat- 
ing diseases has been analyzed and the 
significance of these factors discussed. 

4) Bacterial complications of pneu- 
mococcic pneumonia appeared in 3.2% 
of patients under treatment with anti- 
biotics as compared to 6.8% of patients 
who were treated with sulfonamides. 

5) It is concluded that early diag- 
nosis and treatment of patients with 
pneumococcic pneumonia and partic- 
ular attention to persons in the older 
age to patients with 
chronic diseases can result in a further 


groups and 


decrease in the number of deaths from 
from this disease. 
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THE availability of a number of satis- ing lines for rational combined anti 


factory antimicrobial agents makes the 
use of combinations of these agents 
tempting to the clinician. The increas- 
ing frequency of drug-resistant micro- 
organisms often makes such use neces- 
Although the indiscriminate ad- 
antibiotic mixtures 
should not be condoned, it is virtually 
the 
practice of medicine. Following the 


sary. 
ministration of 
certain to increase in every-day 
introduction of each new drug, resist- 
ant bacteria are soon discovered and 
the physician feels forced to resort to 
combinations of drugs in the hope of 
obtaining additive or 
fects. 

The available on the 
effects of combinations of antibacterial 
agents is not adequate to provide broad 
rules for the guidance of practicing 
physicians. On the basis of precise 
laboratory examinations®!2 drug com- 
binations may be selected for individ- 
val patients where single drugs have 
failed. In addition to this individual 
service, the laboratory might well be 
expected to provide more general guid- 


synergistic ef- 


information 


microbial therapy and to lav the foun 
dation for an understanding of the 
principles involved. 

Because of this manifest need, stud 
undertaken to 


some otf the effects of combined anti- 


ies have been define 
microbial therapy. Based on in vitro 
and in vivo observations, certain drug 
combinations have been found to ex 
hibit markedly effects 


the single drugs. Combinations of peni 


increased Ove! 


cillin with streptomycin or with baci- 
tracin were clearly synergistic in their 
action against certain bacteria’? and 
spirochetes! and clinical observation 
substantiated — this 


14 


has experimental 
evidence’ 

Conversely, it has been shown ex- 
perimentally that certain combinations 
of antibacterial result in 
tagonism and diminished effect. Pre- 


drugs an- 
vious publications from this laboratory 
have dealt with the ability of chlor- 
amphenicol, aureomycin, and terramy- 
cin to interfere with the bactericidal 
and therapeutic effects of penicillin® 


11.15) Marked antagonism was observed 


* Supported in part by a grant from the Research Committee of the University of California 


School of Medicine. 
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in these combinations in vitro and in 
experimental infections of mice with 
both ( Streptococcus ) 
and gram negative (Klebsiella) organ- 
isms. The possible mechanism of inter- 
was attributed to the fact that 
active against 

apidly multiplying bacteria and that 
the ‘interfering drug” slowed multipli- 

ation and thus blocked optimal peni- 


cillin 


gram positive 


ference 


was most 


action! 

This report deals with the interfer- 
ence of aureomycin, chloramphenicol, 
or terramycin with the action of strep- 
tomycin in vitro and in experimental 


infections of mice. 


Materials and Methods. Bacrenta. The 
rganisms employed were the same as in 
previous work®.!1, a beta hemolytic Strep 
tococcus pyogenes group A, type 3, strain C 
105, and a Klebsiella pneumoniae strain A-D 
The organisms were ke pt at peak virulence 


means of frequent and rapid animal pass- 


The LD,,, for mice by intraperitoneal 
njection of the Streptococcus was 1 to 10 
rganisms, and of the Klebsiella, 20 to 200. 

BACTERIOLOGICAL MEDIA AND ‘TECHNIQUES. 


Phese identical with those employed in 


11,15 


were 
revious studies® 

ANTIBIOTICS. Commercial streptomycin sul- 
saline solution 


dissolved sterile 


late was in 

inake a stock solution of 50 mg. per cc. 
which was kept at 4° C. Solutions of, the 
lesired strength were prepared from this 
tock prior to each test. Aureomycin hydro- 
hloride (Lot No. 7-6116)°, terramycin hy- 
hloride (] ot WBW 507019 ) and cry- 


134006 )°* 
solution 
1.0 or 

then 


stalling chloramphenicol ( Lot 


were dissolved in buffered saline 
pH 7.2) to make a concentration of 
2.0 mg. per cc. The 
terilized by Seitz filtration. The aureomycin 
solution was quickly frozen and stored at 

20° C.:; the others were kept at 4° C. for 
the duration of the study. 


INFECTION 


solutions were 


THERAPY. 
approximately 20 


EXPERIMENTAI 
White 


from 


AND 
Swiss mice weighing 
used in 
I] experiments in groups of 20 animals. Cul- 
of 


lood broth at 37 


m., a heterozygous stock, were 


res bacteria were grown in 5% sheep 


C. for 18 hours. The ani- 
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mals were infected by the intraperitoneal 
of a 10-° dilution of cul- 
ture in broth, containing 10 to 100 LD,,. 
Untreated animals usually died within 2 to 
1 days after infection. Drugs were adminis- 
tered intraperitoneally in a volume of 0.2 ce. 
each, had _ indicated 
that similar, whether the drugs 
were injected into the same or into different 
The of treatment var- 
ied in different experiments as indicated be- 


injection of 0.2 ce. 


Previous experience!! 
results were 
and dosage 


sites. time 


low. The animals were observed for 10 days 
and deaths were recorded. Calculations of 
LD., and CD., were according to the 


method of Reed and Muench!*. Differences in 
death rates of groups of animals were con- 
sidered significant only if they exceeded 30%. 


Cause of death was ascertained in occasional 
mice by recovery, in pure culture, of the in- 
fecting organism from heart blood. 

Results. 1. THe INTERFERENCE OF 
AUREOMYCIN, CHLORAMPHENICOL, AND 
TERRAMYCIN WITH THE ACTION OF 


STREPTOMYCIN IN Vitro. Previous com- 
munications from this laboratory have 
dealt with the ability of the 3 “newer” 
antibiotics to interfere with the bac- 
tericidal action of penicillin in vitro, 
and have defined the relative magni- 
tude of this antagonism. Fig. 1 illus- 
trates that these 3 drugs are likewise 
capable of interfering in vitro with the 
bactericidal effect of streptomycin 

rainst K. pneumoniae. In comparing 
the antagonistic effects of 1 megm. per 
ce. of each of the drugs, the graphs 
indicate that chloramphenicol inter- 
feres more markedly than the other 2 
agents. This in vitro phenomenon is 
only transient. Antagonism is most 
marked during the first 12 hours of 
incubation. Subsequently the tubes 
containing the 2 drugs are more likely 
to become sterile than those containing 
streptomycin alone, where resistant 
organisms grow out between 24 and 
48 hours of incubation. As in the case 
of antagonism to penicillin, the 3 
drugs appear to interfere principally 


* Kindly supplied by Dr. S. H. Hardy, Lederle Laboratories, Pearl River, N. Y. 
+ Kindly supplied by Dr. H. H. Anderson, University of California, School of Medicine. 


** Kindly supplied by Dr. G. Rieveschl, Parke Davis & Company, Detroit, Michigan. 
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with the early bactericidal action of 
streptomycin. 

Limited experience with a range of 
concentrations of the 3 “interfering” 
drugs indicates that the degree of in- 
terference is a function of their biologic 
activity. Interference is most 
with concentrations exhibit- 
ing marked bacteriostasis. Higher con- 
centrations which are bactericidal by 
themselves show less evident antago- 
nism to streptomycin action. 


pro- 
nounced 


GUNNISON, 


NO DRUG/CONTROL 


SPECK: 


organisms. Accordingly, twice-washed 
K. pneumoniae were suspended — in 
Ringers solution and exposed to peni- 
cillin or streptomycin alone or com- 
bined with chloramphenicol (Fig. 2). 
Under these conditions no multiplica- 
tion of organisms took place in the 
drug-free control tubes. Streptomycin 
was rapidly bactericidal in the same con- 
centrations that were effective against 
multiplying bacteria, whereas penicillin 
was active only in concentrations 100 


INTERFERENCE OF AUREOMYCIN, CHLORAMPHENICOL, AND TERRAMYCIN WITH 
THE ACTION OF STREPTOMYCIN ON KLEBSIELLA PNEUMONIAE 


STREPTO Sug 
*CHLORO tud 


STREPTO 


STREPTO Sue 


x NO DRUG/CONTROL [ 
| 
G 
7 
SF} 
> 
4: 
| 
= 
> 
STREPTO Sug 
o12345676 O12 
HOURS AFTER 
Fic. 1.—The 


to interfere with the early bactericidal 


34567 
INOCULATION 


effect 


012345678 


ability of 1 microgram (megm.) of aureomycin, chloramphenicol, or terramycin 


of 5 megm. of streptomycin in Klebsiella 


pneumoniae. 


The similarity between the results 
with streptomycin and those previously 
encountered in the antagonism of these 
drugs to penicillin raises the question 
of a similar mechanism being involved. 
While penicillin is most effective 
against rapidly multiplying organisms, 
streptomycin is bactericidal for both 
multiplying and non-multiplying bac- 
teria®®. If the hypothesis is correct 
that the antibiotic antagonism de- 
scribed here depends upon a reduction 
in rate of bacterial multiplication by 
the “interfering” drug, antagonism 
should not be demonstrable when drug 
combinations act on non-multiplying 


times greater than those affecting mul- 
tiplying K. pneumoniae. 
phenicol did not interfere with the 
action of either penicillin or strepto- 
mycin in Ringer's solution. Apparently 
chloramphenicol does not antagonize 
these antibiotics 
which do not permit multiplication of 
micro-organisms. 


Chloram- 


under conditions 


The same problem was approached 
from another direction by comparing 
the effect of an “interfering” drug on 
a susceptible micro-organism and on 
a resistant variant. A terramycin-resist- 
ant culture of K. pneumoniae was used 
to test the hypothesis that antagonism 


| N YRUGAONTR 
- 
x 
| 
‘o % 
| 
| + TERRA tue 
f 
= 4 4 a 4 a 
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is related to a reduced rate of bacterial 
multiplication in the presence of the 
interfering drug. There was no interfer- 
ence with the action of streptomycin 
on this culture in broth by a concen- 
tration of terramycin which was not 
(0.5 megm./ce.), where- 
as a greater concentration (100 megm./ 
bacteriostatic and showed 
With a terramy- 


bacteriostatic 


cc.) Was 


transient interference. 
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rather of its biologic activity against 
specific micro-organisms. 

2. INTERFERENCE OF ANTIBIOTICS 
WITH THE THERAPEUTIC EFFECT OF 
STREPTOMYCIN IN EXPERIMENTAL IN- 
FECTIONS OF Mice. Antagonism be- 
tween chloramphenicol and strepto- 
mycin was readily demonstrate din the 
experiment summarized in Table 1. 
When single injections of drug were 


LACK OF INTERFERENCE OF CHLORAMPHENICOL 

WITH THE ACTION OF STREPTOMYCIN ON 

KLEBSIELLA PNEUMONIAE IN RINGER’S 
SOLUTION 


CHLORO |us/ mi 


406 OF NUMBER OF VIABLE BACTERIA PER 


4+ 
x 
NO DRUG/CONTROL 
3+ 
STREPTO Sug/m! 
+ CHLORO 
STREPTO Sug/m| A 
0 | 2 3 4 5 6 


HOURS AFTER INOCULATION 


Fic. 2 


pensions of K. 


pneumoniae, 


In Ringer's solution 5 megm. of streptomycin is rapidly bactericidal for washed sus- 
whereas 1 megm. of chloramphenicol has virtually no effect. The 


addition of chloramphenicol to streptomycin does not diminish the early bactericidal rate. 


culture of the or- 
ganism, on the other hand, 0.5 megm./ 
terramycin exhibited maximal 
interference with stre ptomycin, where- 
as 100 was highly active 
alone but not antagonistic. Thus there 
is further evidence that antagonism is 
not chiefly a function of the concen- 
tration of the interfering drug but 


cin-sensitive 


ce. of 


mc gm. /CC. 


given | hour after infection, streptomy- 
cin alone cured 30 to 50% more animals 
than did streptomycin plus chloram- 
phenicol. Small amounts of chloram- 
phenicol interfered with low, but not 
with high, doses of streptomycin. The 
latter were more effectively antago- 
nized by the larger amounts of the in- 
terfering drug. 


6 


10S JAWETZ, GUNNISON, SPECK: 


\ more complete picture of the rel- example, 200 mcgm./mouse ) were ef- 
ative degree of antagonism exhibited  fectively antagonized by a wide range 
by various doses of chloramphenicol in — of chloramphenicol “concentrations. 
a streptococcal infection of mice is The low solubility of chloramphenicol 
given in Fig. 3. Streptomycin doses of — limited satisfactory determinations at 
intermediate therapeutic efficacy (for the upper end of the curve. 


TABLE 1.~ INTERFERENCE OF CHLORAMPHENICOL WITH THE THERAPEU TE 
EFFECT OF STREPTOMYCIN IN) A STREPTOCOCCAL INFECTION OF MICE 


Ra wane 
Nirept 
( l ph n / 
mor OO 
None 0-7 60 
200 10 ) Ne fon 


* Untreated controls 
Per cent survival, based on groups of 20 to 40 animals 
\ single dose of drug was administered intraperitoneally 1 hour after the intraperitoneal injgection 
of 100 LDw of Streptococcus © 2038 


STREPTOCOCCUS C203 INFECTION IN MICE 


PERCENT DEATHS 


CHLORAMPHENICOL ALONE 


@ CHLORAMPHENICOL + 
STREPTOMYCIN 200 ug 


A CHLORAMPHENICOL + 


iO + STREPTOMYCIN 300 Ag 
oO 50 100 200 300 400 
MICROGRAMS CHLORAMPHENICOL ADMINISTERED 
PER MOUSE 


Fic. 3.—The effect of adding increasing amounts of chloramphenicol to 200 or 300 megm. of 
streptomycin injected into mice intraperitoneally 1 hour after intraperitoneal infection with 
100 LD,, 


, of Streptococcus C 203. 


100 - 
90 
x 
- 
TO | 
60 
50 & 
40 
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In multiple dose schedules, antago- 
nism was likewise definite. With the 
administration of 100 megm. of strepto- 
mycin and 10 or 50 megm. of chloram- 
phenicol at 1, 5, and 9 hours after in- 
tection with Streptococcus C 203, the 
death rate of groups treated with both 
exceeded by 30% that of the 
group treated with streptomycin alone 


drugs 


100 LD. 


rABLE 2.—THE EFFECT OF 
ICOL, PENICILLIN, 
OF MICE 


Pe nicilin 
subcutaneously 


Streptomycin 
intraperitoneally 


megm MOUSE meg mouse 
100 0 
0 500 
0 0 
100 500 
0 500 
100 0 
100 500 
0 0 


Based on groups of 20 mice. 


SYNERGISM 


tively) was injected intraperitoneally at 1, 5, 


SIMULTANEOUS ADMINISTRATION OF 
AND STREPTOMYCIN IN 


megm. 


Che drugs were injected ] hour after intraperitoneal infection with 100 LDso of Streptococcus C 203. 
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dose of chloramphenicol capable 
of interfering with a therapeutic dose 
of either penicillin or streptomycin in 
a streptococcal infection of mice failed 
to have any effect against penicillin 
and employed together 
(Table 2). This parallels to some ex- 
tent the previous finding* that strepto- 


mycin can overcome the chloram- 


Fig. 4). phenicol-penicillin antagonism. It has 
STREPTOCOCCUS C203 INFECTION IN MICE 
MULTIPLE DOSE TREATMENT 
100 
90 
80 A—A 
A— 
4, 70 
= 60 A 
80 
2 
40; 
& NO DRUG 
STREPTOMYCIN 300. 
20} 4 CHLORAMPHENICOL 
STREPTOMYCIN 30 
1 2 4 5 6 
DAYS AFTER INFECTION 
Fic. 4.—Streptomycin (100 megm.) alone, or with chloramphenicol (10 or 50 megm., respec- 


and 9 hours, after intraperitoneal injection of 
» Of Streptococcus C 203. 


CHLORAMPHEN- 


A STREPTOCOCCAL INFECTION 


Chloramphenicol 
intra peritoneally 


Deaths* Interference 


MOUSE 

0 10 

0 25 
200 95 

0 0 None 
200 70 Definite 
200 70 Definite 
200 10 None 

100 


JAWETZ, 
not yet been established to what extent 
higher chloramphenicol doses might 
block the combined effect of penicillin 
and streptomycin. 

Significant interference of chloram- 
phenicol with the therapeutic action of 
streptomycin was also observed in 
mice infected with K. pneumoniae. In 
a limited number of experiments with 
this organisms the same broad dose re- 


lationships were encountered as those 


GUNNISON, 


SPECK: 
were of similar design, there was 
marked antibiotic antagonism in ex 


periment B but none in A. The addi 
tion of 2 to 10 megm. of aureomycin to 
5900 mcgm. of streptomycin raised the 
death: rate from 20 to 55% in experi 
ment B but had no significant effect in 


\. The outstanding differences be 
tween experiments A and B are. th 
lower therapeutic effectiveness of 


aureomycin alone in B, together with 


described above for a streptococcal in- a somewhat more active dose of 
tection streptomycin. Thus apparently minor 
TABLE THE RELATIONSHIP OF THE ANTIBACTERIAL ACTIVITY OF THE “INTER 
FERING? DRUG TO THE OCCURRENCE OF ANTIBIOTIC ANTAGONISM 
Sire} my 
Ne me 10 0 
\ 
100 65 7 65 
B 
survival based on groups of 20 mice 
\ single dose of one or both drugs was administered intraperitoneally one hour after the intrape 
toneal injection of 100 LDso of Streptococcus C 208 
In vitro studies had indicated that changes in adjustment of drug dosag: 
chloramphenicol interfered more mark- or in severity of infection may greatly 
edly with the bactericidal effect of influence the results when antagonism 


streptomycin than either aureomvein o1 


terramvein (Fig. 1). In vivo the pat- 
tern was similar. Terramvein and 
aureomvcin both interfered with the 


therapeutic action of streptomycin in 
infections of mice with a Streptococcus 
or a Klebsiella, but to a lesser extent 
than 


chloramphenicol. single-dose 


experiments the antagonism was de 
when aureomycin or terra- 
to 
15 minutes of the streptomycin injec- 
tion. With multiple dose schedules, 
however, no significant degree of an- 


monstrable 


mycin was administered within 5 


tagonism could be found. A_ possible 
reason for such variable results is sug- 


gested by experiments summarized in 


Although the 2 


Table 3. 


experiments 


is not of high magnitude. Antagonism 
of terramycin to streptomycin in vit 
was of equally low order. 

Discussion. In a recent editorial the 
British Medical Journal discussed ant 


biotic synergism and antagonism? and 


suggested that it might be “a 


principle, to which there may be ex- 
ceptions, not to combine a_bacterio- 
static with a bactericidal agent of the 


penicillin type”. It then asked whether 


this observation will prove that either 


of the two bacteriostatic drugs (aur 


mycin and chloramphenicol ) interfer:s 


with the action of either of the bacte 
cidal drugs (penicillin and streptom 
cin). This question may now be 

swered in the affirmative. Work in t 


general 
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laboratory has clearly demonstrated 
that the bacteriostatic agents aureomy- 
cin, chloramphenicol, and terramycin 
ire capable of interfering with the ac- 
tion of streptomycin in a manner simi- 
lar to that previously reported for peni- 
cillin. The magnitude of antagonism to 
streptomycin is some »what less than that 
to penicillin, particularly in multiple 
dose experiments in a streptococcal in- 
tection of mice 

The mechanism postulated for the 
interference of bacteriostatic anti- 
hiotics with the action of penicillin, 
namely, a reduction in the rate of 


_bacterial multiplication with dimin- 


ished susceptibilitv of the micro-organ- 
isms to penicillin, may well apply to 
their interference with streptomycin. 
Certain differences, however, must be 
pointed out. Whereas penicillin exerts 
its maximal antibacterial effect against 
ictively multiplving organisms, that is 
not the case with streptomycin. In its 
ction against K. pneumoniae strepto- 
mvcin had quantitatively similar effects 
on resting, washed cell suspensions and 
on multiplying cultures. Yet the inter- 
fering drugs blocked streptomycin ac- 
tion in broth but not in Ringer’s solu- 
tion. It appears, therefore. that the in- 
terfering drugs may influence meta- 
bolic steps or pathwavs associated with 
nultiplication. 
Bacteriostasis produced bv the inter- 
fering drug has been a common de- 
nominator of the antagonistic effects 
‘bserved. The nature of the bacterio- 
tatie agent appears also to be of im- 
ortance. Unpublished exveriments in 
his laboratory ‘have indicated that 
mall, bacteriostatic concentrations of 
ither penicillin or streptomycin never 
terfere with the rapid, therapeutic 
fect of a later, large dose of the 
ime drug. Furthermore, no concentra- 
m of streptomycin has been shown 
interfere with penicillin action, or 
ce versa, in the test tube or in experi- 


mental infections. In this curious “line- 
up” of drugs, penicillin, streptomycin, 
and perhaps bacitracin, are in one 
group; aureomycin, chloramphenicol, 
and terramycin, in a second group. 
Drugs of the second group may all, 
though not to the same degree, inter- 
tere with the action of drugs in the 
first group. The agents of the first 
group appear to be synergistic with 
each other, and to be capi able of over- 
coming the interference by the drugs 
of the second group. 

The interference of aureomycin, 
chloramphenicol, and terramycin with 
the action of streptomycin in vitro and 
in vivo is a unilateral phenomenon. 
Such interference may therefore be 
observed only if the infecting micro- 
organism is susceptible to streptomy- 
cin. If the bacterium is resistant to 
streptomycin to begin with, no inter- 
ference can be observed. On the con- 
trary, with a resistant organism true 
svnergism, with a marked increase in 
early bactericidal rate, may be demon- 
strated between stre ptomycin, and for 
example, terramycin. A patient illustra- 
ting such a problem and cured by this 
drug combination has been observed*. 

\ drug antagonism which can be 
demonstrated only under highly selec- 
ted circumstances in experimental in- 
fections is unlikely to be of importance 
in the treatment of clinical disease. 
The interference of aureomvyecin and 
terramycin with the action of strepto- 
mycin is probably in this category. 
Whether the antagonism of chloram- 
phenicol to streptomycin is of sufficient 
magnitude to cause concern is a ques- 
tion which must be answered by fur- 
ther experimentation and clinical ex- 
perience. 

Summary. 1. Aureomycin, chloram- 
phenicol, and terramycin can interfere 
with the action of stre ptomycin in vitro 
and in experimental infections of mice. 
The antagonism is more marked with 
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chloramphenicol than with the other 
2 agents. It is a unilateral phenomenon 
which can be observed only with 
micro-organisms susceptible to strepto- 
mycin action. 

2. The interference is associated 
with the inhibition of multiplication of 
bacteria by the bacteriostatic antibiot- 
ics. Although streptomycin is as rapid- 
ly bactericidal for the test strain of 
Klebsiella pneumoniae in Ringer's solu- 
tion as in broth, antibiotic antagonism 
of significant magnitude can be dem- 
onstrated only in the latter. With a 
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terramycin resistant variant as test or 
ganism, terramycin fails to antagonize 
streptomycin, whereas with the terra- 
mycin-sensitive parent culture such 
interference is readily observed. 

3. In infections of mice with Strep- 
tococcus or Klebsiella the antagonism 
of aureomycin and terramycin to the 
therapeutic action of streptomycin is 
not of great magnitude, and its dem- 
onstration depends on accurate adjust- 
ment of drug dosage to severity of in- 
fection. It is therefore not likely to be 
of importance in clinical therapy. 
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AUREOMYCIN IN INFECTIOUS MONONUCLEOSIS: 


A CONTROL STUDY 
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INFECTIOUS formerly 
regarded as benign and relatively un- 
common, has assumed medical impor- 
within the past 2 decades*. 
Diagnosed with increasing frequency, 


mononucleosis, 


tance 


its ability to cause pathology in any 
organ, its protracted course and stub- 
born refractoriness to therapy with 


occasional termination in death, are 
eradicating the notion that mononu- 
cleosis is benign’? 

Infectious mononucleosis — exhibits 


characteristics closely similar to those 
of other viral diseases and diseases pre- 
sumably viral in origin. Similarities in 
clinical picture, and hem- 
itology invite therapeutic use of drugs 


progress, 


ind antibiotics that are regarded as 
effective against such infections. Excel- 
lent results have been reported from 
use of aureomycin, for example, in 
many states demonstrably or 
supposedly viral in etiology; these in- 
clude atypical pneumonia'®.", psitta- 


disease 


cosis'®, lymphogranuloma venereum*, 
herpes zoster’, and others®. 

\ control study is indicated of the 
use of aureomycin in the treatment of 
infectious mononucleosis. Such a study 


is reported herewith. 


Method of Study. Appraisal of the 
therapeutic value of any drug in infec- 
tious mononucleosis requires intimate 
knowledge of the natural history of 
the disease. In our 3 years’ experience 
with over 800 cases, conspicuous dis- 


crepancies in symptoms and course of 
the disease render impossible any cor- 
relation of the clinical picture, the 
febrile reaction, the progress, or the 
hematology. Numerous cases that pre- 
sent a diptheric type of pharyngitis 
show but little fever, leukocytosis, or 
marked increase in serum agglutina- 
tion of sheep’s red cells. In sharp con- 
trast, other cases are marked by pre- 
dominance of fever with little other 
objective evidence of the disease. The 
highest positive Paul Bunnell tests and 
leucocytosis have accompanied _ pro- 
longed fatigue without pronounced 
disability. Cases of brief duration and 
slight disability run concurrently with 
others that exhibit a markedly pro- 
tracted course. Unless such variations 
are recagnized and known intimately, 
interpretation of the effects of any drug 
mav lead to erroneous conclusions. 
Most of the cases included in this 
study are infectious mononucleosis of 
the so-called pharyngeal glandular 
type. Restriction to this type is based 
on the facts that 1) 85% of observed 
cases fall into this category, and 2) 
objective findings are less ambiguous 
and more amenable to clinical evalua- 
tion. All these patients were hospital- 
ized and observed for at least 24 hours 
before therapy was initiated. This 
period was chosen arbitrarily to fortify 
the diagnosis and to establish the trend 
of progress. The latter precaution is 


® The cooperation of Dr. Dorothy Naumann is gratefully acknowledged. Aureomycin for 
this study was kindly furnished by the Lederle Division, American Cyanamid Corporation. 
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imperative because in this disease 
symptoms and febrile reactions fre- 
quently subside after 24 hours of hos- 
pitalization. After this standard interval 
therapy was begun by administering 
aureomycin every 6 hours in divided 
doses of during administration 
of aureomycin the only other drugs 
used were such analgesics as aspirin 
and codeine. Under these conditions 

patients were treated actively and 
30 patients were maintained as 
controls. 


TABLE DURATION OF HOSPITALIZA 
TION: CASES OF INFECTIOUS MONO 
NUCLEOSIS TREATED WITH AUREO 
MYCIN COMPARED WITH UNTREATED 
CONTROLS 


Days T re ated Untreated 
Hospitali ed Cases (Cases 
Vo No. / 

1-5 25 14 16.6 
6-10 17 53.1 15 50 

11-15 t 12.5 ] 3.4 
16-20 9 4 0 0 
82 100 80 100 


Results. In Table 1 the treated cases 
are compared with the controls. When 
infectious mononucleosis is treated 
with aureomycin a dramatic fall in 
temperature often coincides with the 
aureomycin therapy and some sympto- 
matic improve ment not infre que ntly 
occurs. Little change appears, however, 
in the objective findings or the hem- 
atological picture; in fact, analysis of 
the natural history shows that cases 
not treated specifically are frequently 
identical in pattern with cases treated 
with antibiotics. 

The only clear-cut contrasts between 
treated and untreated cases of mono- 
nucleosis appear in the records of those 
cases in which infectious mononucleosis 
and pneumonia are observed simul- 
taneously in the same patient. In these 
latter instances administration of aure- 
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omycin has been followed promptly by 
improvement of both conditions. This 
immediate thermal and _ clinical re- 
sponse to aureomycin in our 2 cases 
that manifested pneumonia in associa- 
tion with infectious mononucleosis de- 
serves attention. No reason appears for 
the favorable response when pneu- 
monia is present and for failure of 
response to therapy of uncomplicated 
mononucleosis. 

Sound appraisal of drug therapy and 
antibiotic therapy in this disease would 
emerge in observation of the more 
severe cases. From the present data it 
cannot be concluded that severe cases 
of infectious mononucleosis respond 
favorably to aureomycin therapy. 

Ot patients with mononucleosis 
treated with aureomvcin, 78.1% were 
hospitalized 10 days or less; of patients 
not treated, 96.6% were hospitalized 10, 
davs or less. Three of the treated 
patients were hospitalized more than 
15 days; no untreated patient required 
such protracted hospitalization. 

OF AUREOMYCIN ON Fuso- 
SPIROCHETAL INVADERS. In our clinic 
50 cases in which fusospirochetal in- 
fection of the mouth, gums, and phar- 
ynx was established bacteriologically 
have been treated with aureomycin 
topically and orally. The aureomycin 
therapy was either in the form of 
troches (15 mg.) locally, or of cap- 
sules orally. Prompt disappear: ince of 
the organisms from the oral and 
pharynge al lesions followed, and heal- 
ing of oral ulcerations was rapid ex- 
cept in the presence of other oral 
pathology, such as carious teeth. 

Fusospirochetal organisms frequent- 
ly appear in the pharyngeal lesions of 
infectious approxi- 
mately 8% of our cases revealed an in- 
crease of fusospirochetal organisms in 
the pharyngeal ulcerations. Aureomy- 
cin and penicillin therapy cause these 
secondary organisms to decrease in 


mononucleosis; 


t 
3 
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number and they frequently disappear 
from the lesions. Little influence on the 
basic pathology, however, is apparent 
from removal of these bacteria. This 
situation role of fuso- 
spirochetal invasion of the buccal mem- 
branes as an agent secondary to such 
other pathological conditions vita- 
min deficiencies or carious teeth. 
Discussion. During the past vear 
reports published by Brainerd et all.’, 
Gruskin®, Lyons*, Woodward et al.™ 
Wright et al.'®, and Seifert et al.’? have 
indicated the possible therapeutic value 
of aureomycin in the treatment of in- 
fectious mononucleosis. Both clinicallv 
and in apparent therapeutic effect 
many cases reported in these papers are 
matched by 


resembles the 


similar cases in the present 
own cases that appear to 
idea of therapeutic effec- 
aureomvcin, howe 


series. Our 
support the 
j not 
only correspond in considerable detail 
with those cited in the literature. but 
also correspond in equally full detail 
with many of our untreated cases. Ob- 
viously the evaluation of any therapy 
in infectious mononucleosis continues 
enigmatic. 


tiveness of 


Adequate evaluation of therapy in 
this disease is hampered serious! by 
inability to correlate the several com- 
ponents of the clinical and laboratorv 
picture. The picture in many of our 
control cases could be superimposed 
easily upon that of the treated cases. 

The comparison outlined in Table 1 
represents an attempt to evaluate re- 
sponse to treatment on the basis of 
duration of hospitalization as a possible 
index of therapeutic effect. Such an 
index at least includes the various 
phases of the clinical aspects of mono- 
nucleosis. This criterion certainly re- 
veals no significant statistical difference 
in favor of aureomycin therapy. The 
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4 ] 5 


evidence may not be sufficient to sup- 
port a negative verdict, but it deserves 
consideration. 

Toxiciry. Two groups of toxicity re- 
actions appear in this study: those pa- 
tients who received aureomycin prior 
to November 1949 and those studied 
after that date. The former group mani- 
fested toxic effects in 14 (87%) out of 
16 cases. The major manifestations 
were gastrointestinal in type with nau- 
sea, vomiting, diarrhea, abdominal 
cramps, and rectal burning; in all such 
cases these effects led to discontinu- 
ance of therapy after the first 48 or 
72 hours. After 1949, however, the 
aureomycin received for this study had 
been definitely improved. Since then 
toxic manifestations have been uncom- 
mon and those that appeared were 
mild. In the 16 cases treated with the 
newer type of aureomycin there were 
no toxic manifestations sufficient to re- 
quire discontinuance of the treatment. 

Conclusions. 1. Thirty-two patients 
with proved infectious mononucleosis 
were treated with aureomvcin, 2 gm. 
daily in divided doses for periods of 
from 2 to 8 davs. Thirtv patients were 
maintained untreated as controls. 

Aureomvcin showed no apnarent 
therapeutic effect on the usual tvpe of 
pharyngeal-glandular mononucleosis. 

3. Aureomycin promptly eliminated 
fusospirochetal organisms from infec- 
oro-pharyngeal 


tious mononucleosis 


lesions. 

4. In 2 cases of mononucleosis as- 
sociated with pneumonitis definite 
therapy effects resulted from aureo- 
mycin. 

5. Since November, 1949, only mild 
toxic symptoms have appeared in con- 
nection with the aureomycin used in 
this study. 
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CORRELATION OF 


ELECTROCARDIOGRAPHIC 
FINDINGS IN RING-LIKE SUBENDOCARDIAL 


AND PATHOLOGIC 
INFARCTION 


OF THE LEFT VENTRICLE*+ 


By Gorpon B. Myers, M.D.. 


H. Sears, M.D. 


AND 


Tomamaru HirarzKka, 


M.D. 


rom the Departments of Medicine and Pathology of Wayne University College of Medicine, 
and City of Detroit Receiving Hospital, Detroit ) 


IN a pioneer study of experimental 
myocardial infarction in dogs, Wilson 
et demonstrated a close correla- 
tion of the QRS and RS-T patterns in 
multiple direct and precordial leads 
with the distribution of the infarct 
through the subjacent myocardium and 
lelineated 3 concentric zones in large 
a central zone of transmural 
infarction, manifested by an abnormal 
OS deflection; 2) a marginal zone of 
subendocardial infarction, marked by 


lesions: 


+ 


3) an outly- 

ng zone of ischemia accompanied by 

hanges in the RS-T segment and T 
ive, but not in the QRS pattern. 
Upon application of Wilson’s criteria 
the interpretation of multiple thor- 
ic leads in man, good correlation be- 


abnormal OR complex; 


veen electrocardiographic and patho- 
sic findings can usually be obtained 
the presence of transmural or sub- 
docardial infarcts, involving part of 
circumference of the left ventricle® 
however, relatively little attention 
; been devoted to the comparatively 
e lamellar infarcts extending around 
entire circumference. Isolated cases 
ring-like subendocardial infarction, 
lored by multiple precordial leads, 


have been reported, 2 in our previous 
series (Cases 35° and 66"), 2 by Levine 
and Ford? (Cases 1 and 2), and 1 by 
Yu and Stewart!® (Case 7). The elec- 
trocardiograms in these cases showed 
acute RS-T depression referable to sub- 
endocardial injury, but generally no 
diagnostic QRS patterns. 

The purpose of this report is to 
analyze the electrocardiographic find- 

in patients with pathologic evi- 

e of ring-like subendocardial in- 
farction, extending around the entire 
circumference of the left ventricle, but 
confined essentially to the subendo- 
cardial half of the free wall and to the 
left side of the septum, as illustrated in 
Figs. 1 and 4. The method of electro- 
cardiographic pathologic study 
has been described elsewhere'. The 
material comprises 15 cases, including 
the 2 published cases cited above and 
13 previously unreported. 

Pathologic Findings. The involve- 
ment of the entire circumference of 
the left ventricle and limitation essen- 
tially to the subendocardial half of the 
outer wall and left half of the septum 
were found grossly and confirmed by 
microscopic examination. The ring-like 


\ided by grants from the National Heart Institute and Michigan Heart Association. 
Presented int substance on May 1, 
intic City, New Jersey. 


1951, before the Association of American Physicians, 
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distribution was continuous from apex 
to base in 6 of the specimens; it was 
demonstrable in the apical two-thirds 
or more in 7 additional hearts, and in 
the apical third or more of the left 
ventricle in the 2 remaining. The find- 
ings were classified according to age of 
the lesion into the following 4 groups: 
entirely recent, 5 cases; predominantly 
recent, but partially old, 5 cases; pre- 
dominantly healed, but with recent re- 
infarction, 1 case; entirely healed, 4 
cases. In every case of the first 2 
groups, histologic study demonstrated 
diffuse infarction of approximately the 
subendocardial half of the free wall 
and left side of the septum in all micro- 
scopic blocks, or at least in the majority 
of sections with large confluent patches 
of infarction in the remaining blocks 
In the last 2 groups, the subendocardial 
half of the free wall and left side of 
the septum appeared to be replaced by 
fibrous tissue on gross examination, but 
showed small scattered islands of in- 
tact muscle on microscopic study. The 
fact that the infarction was distributed 
either diffusely or in large confluent 
patches throughout the entire suben- 
docardial layer differentiated the cases 
in this series from those with localized 
miliary infarction, described by Lisa 
and McPeak*, and from those with 
focal mvomalacia. described by Master 
and associates’. 

Identification of individual muscle 
bundles could not be made grossly in 
any of the specimens, perhans because 
the hearts were sectioned into trans- 
verse slices. Utilizing the anatomic de- 
scriptions of Robb and Robb'® and 
Lowe and Wartman‘**, it was con- 
cluded that the infarction was not lim- 
ited to a single muscle bundle in anv 
case. The subendocardial divisions of 
the superficial sinospiral and super- 
ficial bulbospiral muscles, the scroll 
muscle, and portions of the deep bul- 
bospiral muscle were apparently in- 
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volved in all cases, and the posterioy 
part of the deep sinospiral muscle was 
infarcted in 3 cases. 

Occlusion of one or more major cor 
onary arteries was found in 5 cases 
marked narrowing of all major 
branches, without complete occlusion 
was present in 8 cases; mild to modet 
ate narrowing, without occlusion, was 
present in the 2 remaining cases 
Myocardial infarction was apparently 
precipitated in the latter patients by 
peripheral circulatory collapse from 
massive gastrointestinal hemorrhag: 
and pancreatitis, respectively. 

Clinical Findings. The only not 
worthy clinical features of acute ring 
like subendocardial infarction was at 
apparently greater incidence and sever 
itv of circulatory collapse than in acut 
infarction localized to a portion of th 
circumference. Six of the 11 patients 
observed during the acute stage wer 
in profound shock; the remainder ex 
hibited a moderate to mild degree of 
shock. Accessory factors that apparent- 
lv contributed to the shock and mvyo- 
cardial lesion’ included gastrointes- 
tinal hemorrhage in 2 cases, peripheral 
embolism in 1 case, pancreatitis in 1 
case, and dehydration from diarrhea in 
case. 

One of the patients with healed cir- 
cumferential subendocardial infarction 
had been free of cardiac symptoms and 
died of mesenteric thrombosis; — th 
other 3 had angina pectoris, and 2 of 
these died of intractable congestive 
failure and 1 of pneumonia. 

Electrocardiographic Findings. 
Comptex. On the basis of ORS 
terns, the cases were classified into the 
following 5 groups: 

1. ORS patterns diagnostic of infa 
tion of both the subendocardial aspect 
of the free wall and the septum wer 
present in l case of regent infarction 
and 2 cases of healed infarction. Te 
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clectrocardiographic features are exem- 
plified by Fig. 1. 

The findings were considered diag- 
nostic of infarction of the subendo- 


either of the following patterns was 
recorded in unipolar leads facing the 
left ventricular surface: (a) QR com- 
plex, characterized by an initial down- 


cardial aspect of the free wall when _ stroke, measuring ().03 second or longer 


hic. 1.—The electrocardiogram reproduced in this illustration was obtained on a man, 72 
ears of age, 5 days before death from cerebral hemorrhage. The patient gave a history of 
ivoeardial infarction 10 years previously with subsequent angina of effort, and first came 
inder our care 1 year ago because of a prolonged bout of retrosternal pain. The QRS pat- 
terns at that time were comparable to those in this illustration, whereas the RS-T changes 
n serial curves were consistent with acute subendocardial injury. No cardiac glycosides were 
iven during either hospitalization. 
The accompanying photograph reproduces a roentgenogram of a transverse section of the 
jected heart, 3 cm. above the apex, and is mounted with the anterior surface downward. 
Gross and microscopic examination revealed a healed ring-like infarction of the subendocardial 
lf of the entire left ventricle with a mural thrombus attached to the left side of the 
eptum, as outlined in the illustration. The infarct was similar in distribution in the re- 
iainder of the apex, but was not completely circular in the basal half. 
The abnormal duration of the Q waves in leads V,, V,, V;, and V,, together with the 
tching or slurring of the ascending limb of the R wave, was diagnostic of infarction of 
e subendocardial aspect of the anterior and lateral walls. Although the Q wave in lead aVF 
is within normal limits in duration, the coarse notching of the succeeding upstroke, to- 
ther with the Q/R ratio of 37%, indicated that the QR complex was diagnostic of sub- 
docardial infarction and referable to continuation of the lesion into the posterial wall. The 
nute upstroke and broad slurred S wave in leads V, and V.,, signified that the electrode 
these positions reflected chiefly the potential variations of the right ventricle and right 
le of the septum. Upon careful scrutiny, a small, but distinct, initial Q wave was detected 
both leads and led to the diagnosis of infarction of the left side of the septum. The 
ignostic significance of this QRS pattern has been brought out previously5, and the prob- 
le derivation is discussed in the comments on Fig 3. The RS-T patterns in the precordial 
leads were consistent with the healed lesion found at autopsy. 
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OVR 
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HV, HV, HV, 


70 65 60 55 45 40 35 


Fic. 2.—Electrocardiogram obtained about 1 vear after mvocardial infarction in a man, 62 
vears of age, maintained on digitalis. Multiple leads from precordium, back, and esophagu 
ire reproduced to illustrate their value in delineating the full extent of the infarct. H\ 
leads were taken at the intersections of a horizontal line at the level of the sternal end ot 
the third interspace with vertical lines through the customary electrode positions; LV lead 
were taken in the left lumbar region, below the diaphragm approximate anatomic position 
of gastric and ese phageal leads is indicated in the diagram, the numbers representing the 
distance in centimeters from electrode to the nares 

The heavy black line in the sagittal section of the left ventricle represents the position of ; 
healed sheet-like subendocardial infarct predicted from the QRS patterns and subsequenth 
confirmed at autopsy. The basal third of the septum was intact and was presumably re 
sponsibl for initial negativity of the left ventricular cavity and thus the Q waves record 
in leads facing the outer wall of the left ventricle. The abnormal OR complexes in leads V, 
V.. V,, and Vz were referable to subendocardial infarction in the apical portion of th 
anterior and lateral walls of the left ventricle; the similar pattern in HV, and HV,, to cor 
tinuation into the basal portion of the lateral wall. 

The QR complexes with broad notched Q waves, recorded in leads from the stomach (7! 
and 65), the left leg (aVr), and lumbar region, LV;, LV,, and LV,, were referable t 
subendocardial infarction of the diaphragmatic portion of the posterior wall of the le! 
ventricle; the QR complexes recorded in leads from the lower esophagus (60 and 55) differ 
in that the notch was inscribed on the upstroke of the R wave rather than the apex of tl 
Q, but were likewise diagnostic of subendocardial infarction and, along with the patterns i 
back leads V, and HV,, were referable to continuation of the lesion into the basal porti: 
of the posterior wall of the ventricle. Leads Wis Vo, Ve, HV, and HV. reflected chiefly tl 
potential variations of the right ventricle and right side of the septum and revealed 1 
evidence of the infarction of the apical two-thirds of the septum found at autopsy. 
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iG. 3.—Serial electrocardiograms obtained on a man, 65 vears of age, who had been under 
w care 10 years previously because of posterior infarction. The tracing of March 9 was 
ken as a routine prior to resection of a gastric carcinoma. The heart was in horizontal 
osition and the QS deflection in lead aVr was attributable to infarction of the posterior 
ortion of the septum®, whereas the exaggerated R and T waves and diminutive S waves 

right precordial leads were considered reciprocal to infarction of the posterior wall of 
ie left ventricle. The precordial leads of this tracing showed no evidence of anterior or 
teral infarction. 

Convalescence was uneventful until May 30, when the patient was awakened by severe 
trosternal pain that lasted for 8 hours. The tracing of May 31, obtained 34 hours after the 
set of the pain, showed sagging of the RS-T segments in leads V, and V,, attributable to 
ute injury of the subendocardial aspect of the anterolateral wall of the left ventricle and 
versal in the direction of the T waves in V,, V. and V,, compatible with extension of the 
jury into the septum. The absence of significant change in the QRS pattern over that 
ecorded on March 9 was consistent with either a patchy injury or a very early injury, too 
cent for obliteration of the response to the activating impulse. 

The pain recurred on June 1 and the last tracing was obtained about 24 hours later. The 
ost significant change occurred in the right precordial leads and was characterized by re- 
iwcement of the RS in V, by a QS deflection, and the appearance of an abnormal Q wave 
leads V, and V,, indicating the development of initial negativity of the right ventricular 
ity as a result of activation of a considerable portion of the septum in a right to left direc- 
nm. This was interpreted as evidence of infarction of the left side of the septum; how- 
er, a portion of the septum was spared and activated in the usual left to right direction, 

shown by the persistence of small q waves in left precordial leads V,, V; and Vy. In 
ite of the absence of significant change in the QRS pattern in left precordial leads, further 
jury to the subendocardial aspect of the anterolateral wall occurred, as shown by the 
reasing RS-T depression in leads V, and V,. No cardiac glycosides were given at any 
time. Death occurred on June 4. 
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Fic. 4.—Roentgenogram of the injected heart from the patient in Fig. 3, sectioned int 
tranverse slices 1 cm. in thickness and mounted with anterior surface downwards. Position 
of the healed posteroseptal infarct is indicated by broken lines; boundaries of the recent 
ring-like subendocardial infarct are delineated by solid lines. 

Microscopic examination demonstrated diffuse infarction within the area demarcated by solid 
lines and absence of infarction of the subepicardial laver. The septal portion of the healed 
infarct accounted for the QS pattern consistently recorded in lead aVr; the posterior portion 
of the healed infarct was responsible for the reciprocal exaggeration of the R and T waves 
of right precordial leads in the first tracing. The recent infarction of the left side of th 
septum accounted for the development of abnormal Q waves and for the RS-T displacement 
in right precordial leads. The recent infarct of the subendocardial aspect of the anterolateral 
wall of the left ventricle was responsible for the acute RS-T depression in left precordial 
leads and was of sufficient duration and density to have led one to expect changes in th 
QRS pattern, as well. 

The failure of the pre-existent Q waves in leads V,, V-=, and V, to increase in depth or 
duration was attributed to the uniform distribution of the infarct around the entire cir 
cumference of the left ventricle, leaving little or-no intact muscle in the subendocardia 
aspect of the opposite (posterior) wall to be activated early and thus to serve as a source: 
for the negative potentials recorded as an abnormal Q wave in leads facing the anterolatera 
portion of the infarct. 


from onset to nadir and more than 25% and by leads Eg and E-;; of Fig. 2. 
of the amplitude of the succeeding R In the patient with the recent in 
wave, as illustrated by leads V; and farct, the septal portion of the lesion 
V, of Fig. 1 and by leads Ezy) and Ey; was diagnosed from the registratio: 
of Fig. 2; (b) QR complex, charac- of an abnormal initial Q wave an 
terized by definite notching of the up- prominent late R wave in right pr 
stroke of the R wave and a distinct cordial leads, in the presence of a QR 
antecedent Q wave, which need not interval of 0.14 second’. In the 2 cas 
comply with the above measurements, with a healed infarct, the septal por 
as illustrrted by lead aVr of 


Fig. 1 tion of the lesion was recognized fro: 
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the registration of a qrS complex® of 
less than 0.12 second duration in the 
same leads, the q wave indicating initial 
negativity of the right ventricular cav- 
ity from early activation of the septum 
in a right to left direction, consequent 
upon infarction of the left side of the 
septum!”, 

2. ORS patterns diagnostic of infare- 
tion of the subendocardial portion of 
the free wall, but not the septum, were 


present in 2 cases with acute infarction, 


2 with a recent lesion superimposed on 
in old lesion, and 1 with an entirely 
healed lesion. The electrocardiograms 
of the latter case are reproduced in 
Fig. 2 to illustrate the wide distribution 
of the abnormal QR patterns in leads 
from the back, lower esophagus and 
stomach, as well as the left precordium, 
ind the close correlation with the ex- 
tensive ring-like subendocardial infarct 
found at autopsy. Abnormal QR com- 
plexes, roughly comparable in  con- 
figuration, were recorded in all leads 
facing the subendocardially infarcted 
interior, lateral, and posterior walls of 
the left ventricle in only 2 of the 8 
ises in Groups 1 and 2. In the re- 
aining 6 cases, abnormal QR com- 
plexes were found in leads facing por- 
tions of the ventricle where the suben- 
locardial infarct was thickest or most 
ense, whereas borderline to normal 
patterns were recorded in leads 
om portions of the ventricle where 
he infarct was thinner or more patchy. 

3. ORS patterns diagnostic of in- 
irction of the septum, but not of the 
ee wall, were present in | case of re- 
nt superimposed on healed infare- 
on. The electrocardiographic and 
ithologic findings in this patient are 
ustrated and discussed in Figs. 3 and 


1. Incomplete bundle branch 
ick was present in 5 cases and could 


be correlated with pathologic evidence 
of infarction of the left side of the 
septum, which was classed as acute 
in 2 cases, partly recent and partly old 
in 2, and entirely healed in 1. Never- 
theless, the QRS pattern of incomplete 
left bundle branch block can be re- 
garded merely as compatible with sep- 
tal infarction, rather than pathogno- 
monic, inasmuch as it has been ob- 
served in many cases without evidence 
of septal infarction at autopsy. As a 
result of the incomplete left bundle 
branch block, initial R waves were re- 
corded in all leads facing the epicardial 
surface of the left ventricle, thereby 
obscuring evidence of the infarction of 
the subendocardial aspect of the outer 
wall, demonstrated at autopsy. The 
ascending limb of these R waves was 
usually notched or coarsely slurred, 
but not necessarily so, as exemplified 
by the case in Fig. 5. The combination 
of QRS patterns of incomplete left 
bundle branch block with RS-T de- 
pression and QT prolongation typical 
of acute subendocardial injury, as 
illustrated in Fig. 5, was observed in 
3 patients of this group who had re- 
ceived no cardiac glycosides, and was 
considered strongly suggestive, though 
not pathognomonic, of the acute ring- 
like. subendocardial infarct found at 
autopsy. RS-T depression was also pres- 
ent in the tracings of the other patient 
with recent subendocardial infarction, 
but could not be considered of diagnos- 
tic significance because of the prior 
administration of digitalis. 

5. Normal QRS pattern was found 
in 1 patient (Case 38 of a previous 
series*), apparently because of the 
early recording of the electrocardio- 
gram, before progression of the myo- 
cardial injury to the point of oblitera- 
tion of response to the activating im- 
pulse would have been expected. A 


* The lower case letters are used to denote a deflection of relatively small amplitude; the 


per case letters, to indicate a deflection of relatively large amplitude. 
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Fic. 5.—The tracings were obtained on a man, 64 vears of age, who was seized with crush 
ing retrosternal pain und dyspne t on March 27 and was admitted in profound shock « 


lization. Death occurre 


March 29. No cardiac glycosides were given before or during hospit 
19 hours after the last electrocardiogram. 

The first 4 precordial leads of both tracings reflected chiefly the potential variations of t! 
right side of the septum and right ventricle; the last 2, those of the left side of the septur 
and the left ventricle. The increasing depre ssion of the RS-T junction in lead V,, along wit 
the straight downslope of the RS-T segment and inversion of the T, as well as the changing 
RS-T pattern in lead V,, were interpreted as evidence of acute injury of the subendocardi 
aspect of the anterolateral wall of the left ventricle, inasmuch as the possibility of a digital 
effect had been excluded. The absence of a Q wave from left ventricular leads V~ and \ 
together with the QS complex recorded in right ventricular leads V,, V., and V., indicat: 
that the septal vector was directed from right to left and, when taken in conjunction wit 
the QRS duration of 0.10 second, led to a diagnosis of incomplete left bundle branch block 
The fact that the upstroke of the initial R waves in leads V, and V, was only slight 
slurred, rather than coarsely notched, did not invalidate this conclusion, since Sodi-Pollat 
et al.17 obtained simultaneous records from the right and left ventricular cavities, provi 
the presence of incomplete left bundle branch block in patients with comparable QRS 
patterns in left precordial leads. The small initial R wave in lead V,, taken from a_ point 
just to the right of the transitional zone, could not be explained by early activation of the ante1 
septal wall of the right ventricle. In the interpretation of the tracing, the incomplete le! 
bundle branch block was regarded as consistent with, but not diagnostic of, infarction of t 
left side of the septum. The bipolar limb leads showed low voltage of both QRS and 
but yielded no direct or indirect evidence of the infarction found at autopsy. 

The pathologic findings were so much like those in the case illustrated in Fig. 4 that tl 
roentgenogram of the injected heart was not reproduced. An old healed posteroseptal infa1 
was found, compatible in distribution with that in Fig. 4. In the apical three-fourths of t 
left ventricle, a recent ring-like infarct was found, confined to the subendocardial half 
the free wall and left side of the septum, and was almost identical in distribution with tl 
in the corresponding segments of Fig. 4. The incomplete left bundle branch block could 
correlated with the septal portion of the infarct, but interfered with the registration of QRS 
patterns diagnostic of the infarction of the subendocardial aspect of the free wall. The RS 
changes in leads V; and V, were an expression of the acute subendocardial injury from t 
lesion in the anterolateral portion of the wall. 
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normal ORS pattern is also likely when 
the infarct is distributed in discrete 
patches, surrounded by preserved myo- 
cardium, but cases of this type were 
eliminated from this series by the 
method of selection. 
RS-T SecmMenr T Wave. The 
analysis of the RS-T pattern will be 
restricted to the 7 patients who had 
received no cardiac glycosides prior 
to registration of the electrocardiogram 
id had evidence of recent subendo- 
cardial infarction at autopsy. The QT 
interval was prolonged in all cases. 
Elevation of the RS-T segment in lead 
aVr, recognized of 
acute subendocardial injury'®, was 
found in only 3 cases and was _ ac- 
companied by an abnormal upright T 
wave in 2 and an inverted T wave in 
|. Abnormal depression of the RS-T 
junction was present in left ventricular 
leads of 5 cases and was generally ac- 
companied by downward sagging of 
the RS-T segment, as exe mplified by 
leads V, and V; of the tracing of June 
2nd in Fig. 3, and by leads V; and V,z 
of Fig. 5. The abnormal RS-T se gment 
was followed by either a diphasic T 
wave, as in leads V, and V ; of the trac- 
ing of June 2 in Fig. 3, or an inverted 
T wave, as in V, of Fig. 5. These find- 
ings were considered typical of acute 
subendocardial injury. An_ electrocar- 
diogram of the sixth patient exhibited 
abnormal RS-T depression in leads V, 
\; and V., which was well correlated 
with infarction limited to the subendo- 


cardial half of the anterior and lateral 


walls, but showed a slightly elevated, 
dome-shaped RS-T segment in aVr, re- 
ferable to subepicardial injury and cor- 
related with edema and cellular infil- 
tration on the subepicardial aspect of 
the posterior wall. This merely exem- 
plifies the fact that coexistent subepi- 
cardial injury obscures the characteris- 
tic effects of recent subendocardial in- 
farction on the RS-T pattern. The 
seventh patient had right bundle 
branch block, due to septal infarction, 
with slightly elevated RS-T segments 
and cove negative T waves in right 
precordial leads, presumably referable 
to the septal injury. 

Summary. An analysis has been 
made of the electrocardiographic find- 
ings in 15 patients with pathologic evi- 
dence of confluent ring-like infarction 
confined essentially to the subendo- 
cardial half of the free wall of the left 
ventricle and the left side of the sep- 
tum. Abnormal QR complexes, diag- 
nostic of subendocardial left ventric- 
ular infarction, were found in 8 cases; 
ORS patterns, diagnostic of septal in- 
farction, were present in 3 of the fore- 
going and in 1 additional case; incom- 
plete left bundle branch block com- 
patible with septal infarction was en- 
countered in 5 cases. The classical RS- 
T pattern in recent subendocardial in- 
farction was characterized by depres- 
sion of the RS-T junction, downward 
sagging of the segment, and a diphasic 
to inverted T wave. 


REFERENCES 


|. Blumgart, H. L., Schlesinger, M. J., 
Levine, H. D., and Ford, R. V.: 


and Davis, D.: Am. Heart J., 19, 1, 1940. 
Circulation, 1, 246, 1950. 


3. Lisa, J. R., and McPeak, E.: Arch. Int. Med., 65, 919, 1940. 
1. Lowe, T. E.: J. Path. & Bact., 49, 195, 1939. 
5. Lowe, T. E., and Wartman, W. B.: Brit. Heart J., 6, 115, 1944. 


6. Master, A. M., Dack, S., Horn, H., Freedman, B. I., and Field, L. E 


02, 1950. 


Circulation, 1, 


7. Master, A. M., Gubner, R., Dack, S., and Jaffe, H. L.: Arch. Int. Med., 67, 647, 1941. 


l 
it 
I 
RS 
I 
I 
| 
t 


$26) MYERS. SEARS, HIRATZKA! RING-LIKE SUBENDOCARDIAL INFAR TION 


. Myers, G. B.. Klein, H. A., and Hiratzka, T.: Am. Heart J., 36, 838, 1948 
. Idem: Ibid., 37, 205, 1949 
. Idem: Ibid., 37, 720, 1949. 
. Idem: Ibid., 38, 547, 1949. 
. Idem: Ibid., 38, 837, 1949. 
3. Myers, G. B., Klein, H. A., and Stofer, B. E.: Ibid., 36, 535, 19458 
. Idem: Ibid., 37, 374, 1949. 
_ Pruitt, R. D., and Valencia, F.: Ibid., 35, 161, 1948. 
3. Robb, J. S., and Robb, R. C.: Am. J. Med. Sci., 197, 7, 1939. 
7. Sodi-Pollares. D., Estandia, A., Soberon, J., and Rodriguez, M. L.: Am. Heart J., 40, 
1950 
. Wilson, F. N., Johnson, F. D., Hill, I. G. W., and Grant, G. C.: Tr. Assn, Am Phys., 
154, 1933 
19. Yu. P. N., and Stewart, J. M.: Am. Heart J., 39, 862, 1950 


l 
| 
65 
48, 


SERUM LIPID STUDIES IN EUTHYROID SUBJECTS 


FOLLOWING THE ADMINISTRATION OF THYROID 
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ATTENDING STAFF MEMBER, STRONG MEMORIAL, GENESEE, AND HIGHLAND HOSPITALS 
ROCHESTER, NEW YORK 
(From the Medical Clinics and the Heart Station of the Genesee Hospital, 
Rochester, New York) 

DISTINCTIVE serum lipid changes cal examination (combined with laboratory 
have been described during the ther- data) was done and evaluated in the con- 
apy - hypothyroid pi atients with thy- sideration of thyroid function. Iwo of these 

' O | patients, both men, showed the signs and 
prepara ions” ur obse rvations of intermittent claudication sec- 
of euthvroid subjects treated with thy- ondary to atherosclerotic involvement of the 


roid disclose a completely different 
pattern of serum lipid changes. The 
highest total daily level of thyroid ad- 
ministered to these patients was 2% 
grains, and this amount was achieved 
by slowly increasing (bimonthly) the 
daily medication. Great caution was 
necessary because the majority of these 
subjects were experiencing angina pec- 
toris secondary to coronary atheroscle- 
All subjects were chosen upon 
the premise that they 1) had normal 
thyroid function and 2) showed objec- 
tive and subjective evidence of athero- 
involvement of the coronary 
of the arterial tree of the 
lower extremities. All were placed upon 


rosis. 


sclerotic 


vessels or 


low fat, low cholesterol diet. 

Methods and Material. Fifteen euthyroid 
patients, 12 males and 3. females, were 
tudied. The ages of the 12 men varied be- 
ween the extremes of 37 and 67 years of 
ge, the average age being 52.7. The ages 
f the 3 women were 43, 44, and 52, the 
werage being 46 years of age. The average 


luration of therapy was 7.3 months. In each 


ise a complete history was taken and physi- 


of the lower extremities. The other 
13. subjects who were studied had involve- 
ment of the coronary vessels. For acceptance 
the patient was required to show regularly 
both objective evidence of 
vessel involvement. This meant that pain 
with radiation was present often 
enough to be classified as following a certain 
chronological schedule. It meant that 
abnormal exercise electrocardiogram was 
the group experiencing anginal 
and that abnormal reflex vasodila- 
tion changes were found in the patients with 
intermittent The skin tempera- 


vessels 


and subjective 
classical 


also 
an 
present in 
discomfort 


claudication. 
tures, before 
the 
basal 
66 

Cholecystograms were 


and after application of heat to 


upper extremities, were measured under 


conditions in a special room kept at 
The Rauh surface pyrometer was used. 
done in 11 cases and 
roentgen studies of the cervical spine in a 
A battery of liver function tests 
was done initially and consisted of determina- 
tions of the thymol turbidity, icterus index, 
cephalin flocculation, and the cholesterol 
ester/cholesterol ratio. In this initial workup 
we included a complete blood count, uri- 
and determination of blood uric acid 
Fluoroscopy of the chest 
was done in some patients. During therapy 
the rates were done as_ in- 
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minority. 


nalysis, 
and urea clearance. 


basal metabolic 
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dicated. The modified M isters’ double two 


step exercise and resting 
electrocardiogram and ballistocardiogram 
were made In each Case before atter and 


occasionally during therapy Complete post 
tbsorptiv. blood fat analyses were made be 


fore and during the period of observation 


The methods used ar is follows for chol 
esterol cholesterol esters, Bloor and 
Knudson#; for fatty acids, Stoddard and 
for lipid phosphorus, Youngburg 
and Youngburg®3, using the method of 
Fiske and SubbaRow?. The total lipids were 
determined gravimetrically according to the 
method of Rubin?6, Each patient was placed 
upon a low cholesterol—low fat diet. 
these patients who were overweight nor 
mal standards used were those of Daven 
port®A) a low-caloric dietary regimen was in 
stituted. The medicinal ther ipy consisted of 


drugs in these daily amounts: choline dihy 
drogen citrate, 12.66 gm.: inositol, 4 gm 
pvrodoxine hvdrochloride 60 mg ribo 
flavin, 30 mg.; niacinamide, 360 mg.; ascorbic 


acid, 300 mg.; and thiamin chloride, 60 mg.°® 
The total daily thyroid dose varied between 
grains. We began with the small 
est dose and increased the amount over 


period of months by adding \\ to grain 


1 


and 2! 


every 2 to 4 weeks. Som: patients were given 
phenobarbital, grains 1/6 three times a day 
as a mild sedative. In order. to compare the 
results obtained, each patient is consistently 
referred to throughout the article and in all 
charts by the same case number 


Results. Serial cholesterol determi- 
nations give only a partial picture of 
the patient's blood lipid status. The 
physical state of the blood lipids is of 
prime importance in the characteriza- 
tion of the serum lipid state’! 
Because of their role as a_ stabilizing 
influence upon serum lipids? the 
phospholipid determinations were of 
great interest to us. We determined, 
therefore, not only the actual lipid 
levels, but also the relationship be- 
tween the 1) total cholesterol and phos- 
pholipids'*? and 2) total lipids and 
phospholipids. These ratios are re- 


®* Courtesy of Vascular Pharmaceutical Co 


New York, New York 
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corded in Tables 1, 2, and 3 as C/P Serum cholesterol levels may be ex- 
and TL/P. tremely labile in patients with coronary 

The average serum total cholesterol atherosclerosis*!*5, moving either in an 
level in the 13 patients with angina upward or downward direction. There- 
pectoris was 299 mg. per 100 cc., and fore we considered cholesterol changes 
this is characteristically higher than in — significant only if they were of rela- 
patients in a similar age group with no tively large magnitude. Based upon 
atherosclerotic involvement of the cor- the conclusions of others?*, we chose 
onary vessels'*. Following therapy the a minimum change of 20% of the orig- 
average serum total cholesterol in inal determination as a significant dif- 
these patients was 298 mg. per 100 cc. ference. It is evident that 10 of the 15 


PABLE 2.~ SERUM LIPID RATIOS IN 15 EUTHYROID SUBJECTS 


Grour A, (C/P) Ratio; Grove B, Rise is C/P Ratio* 
( \ Dat C/P TLP CRM Date cP TLIP CEM Date C/P TLiP 
Group A 
BI { 0 1 67 11/21/50 5.9 70 
( P2050 67 10650 1.51 1S 7S 1/12/51 1.38 10 
DJ S50 1 32 6a 0 1.15 2 87 O76 1/5/51 1.17 3.80 72 
7 113 1 40 79 2.80 734 
61} 10 1/25/50 a9 5.13 1/51 69 3.80 653 
L.A 67 7/19/50 1.37 72 12/15/50 7860 71 
6/50 IS 720 7/15/50 11S 4.2 657 12/16/50 115 710 
1.52 710 10/20/50 1.47 | 700 
Wes 2 19 6.57 52 6/24/50 1.09 2 6S 1/31/50 1.34 4.2 7A 
ol 675 1.15 SS 719 
Grove B 
4 ( j 114 636 1020/50 1.16 $4 792 
O/17/50 1.01 14 500 10/25/50 1.48 5.56 HOS 
¢ 69 5/3/50 10/27/50 1.26 3.8 76 
r.W 1/27/50 105 71 1/22/50 1.36 3.78 65 10/10/50 1.61 
\ 1 oo 1.38 62 7175 
PLP. Total Lipids Phospholipid; CE/C, Cholesterol Esters/Total Cholesterol. All values are expressed as mg. per 100 ce 
phospl pids are expressed as lecithin or 25 X lipid phosphorus determination 
PABLE 3. LIPID RATIOS IN 15 EUTHYROID SUBJECTS BEFORE AND AFTER THERAPY 
SUMMARY OF CHANGES 
Group A, in Porat Cro mG. per 100 MG, PER 100 cc. Ratio (C/P) ¢., Favorarce TREND. 
Grovur B, Rise C/P Ratio, ¢., UNravorav te Trenp* 
Total Lipid Cholesterol Esters Total Lipids Weight 
eN ( P Rat Cholesterol Phosphorus Total Cholesterol Phospholipids lbs Symptoms 
Grovur A 
B.F + 03 +1.0 L I 
ic. OS +1 +10 +11 + 50 NC I 
4 ;>D.I 1 23 +1.3 + 03 10 NC NC 
E. 10 +4.2 + 07 +1.33 L I 
I. } 4 32 6 + 03 22 L I 
L.A 67 105 +2.9 + 04 —1.3 L I 
60 85 +1.6 —.01 SO L I 
PLE 0 ) 1 2 01 + .30 NC I 
R.A 23 +46 OS 2.9 L I 
| W.s +3.4 22 2.3 NC NC 
Ave 160 37 — 01 715 
Crove B 
F. ¢ 02 +35 +1.1 +.12 +4 NC 
| 5 M.M 56 +30 2.9 + .09 +2.1 L I 
P. ¢ 37 +63 1.2 + 07 +.2 NC NC 
r.W + 56 +50 2.1 — 05 +2 NC I 
Ava + 377 $44.5 —1.27 + 057 +1.23 
+, rise . fall. Change in ratios expressed as difference between first and last determination. Total cholesterol and 


pid phosphorus expressed as mg. per 100 cc. Under weight change: L, significant weight loss; NC, no significant change. 


(nder symptoms: I, improvement; NC, no change 
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patients showed no significant change 
in their cholesterol values during or 
after therapy. (One patient, Case 
13, S.S., is not included Tables 1, 
2, and 3 because in this instance only 
his total cholesterol levels were com- 
puted and they showed a change from 
365 to 328 mg. per 100 cc.) Two pa- 
tients presented a marked fall in their 
serum cholesterol levels from an aver- 
age of 373 mg. per 100 cc. to 264 mg. 
per 100 cc.; and these were the 2 pa- 
tients with intermittent claudication. 
Cases 6 (I.E.) and 9 (O.H.). The blood 
lipids of patients with a) primary es- 
sential xanthomatosis of the hyper- 
cholesteremic tvpe and b) essential 
lipemia are peculiarly sensitive to exog- 
enous (dietary ) fat ” 
Since in Case 6 (I.E.) io serum was 
grossly lipemic and in Case 9 (O.H.) 
hype rcholesterolemia (with borderline 
hyperlipemia) and xanthomatous skin 
lesions were present, it is likely that 
study of their immediate family mem- 
bers would have revealed stigmata of 
one of those diseases. 

One patient, Case 11 (P.C.), showed 
a definite rise in serum total cholesterol. 
Three patients, Cases 5(F.C.), 10 (P.E.), 
and 11 (P.C.), showed a significant fall 
in serum total cholesterol during the 
first few months of therapy, but the 
improvement was only transient.. (Be- 
cause of lack of space some of these 
figures as well as some of the lipid 


restrictions!*:73 


ratio changes are not included in 
Tables 1, 2, and 3.) 
From Tables 2 and 3 it is seen that 


10 patients experienced a fall in their 
C/P ratio, and 4 showed a rise. The 
TL/P ratio showed a similar rise or 
fall in all but 3 instances. It is inter- 
esting to compare these results with 
those obtained by Watkins*' and as- 
sociates, who studied the blood lipids 
of patients on a rice diet. In their ser- 
ies a drop in the C/P ratio occurred 
concomitantly with a sharp decrease in 
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fraction and an 
abnormal liver 
consist- 
ratio 


the cholesterol ester 
increased number of 
function tests. We 
ent cholesterol ester/cholesterol 
change in our patients, but one pa- 
tient, Case 15 (W.S.), showed the op- 
posite effect, that is, a significant rise 
in the cholesterol ester fraction (Tables 
1. 2, and 3). (Liver function tests in our 
cases were done before but not after 
therapy; “Methods”. The differ- 
ence in the magnitude of the phospho- 
lipid levels may be accounted for by 
a difference in methods** 
but this does not, of course, prohibit 
comparison of changing trends.) Anal- 
vsis of the changes in the C/P ratios 


found no 


see 


laboratory 


discloses that in a minority of instances 
(4) the change was relative, that is, 
both lipid phosphorus and total chol- 
esterol rose or fell, one more than the 
other. In the majority of 
however, an absolute rise or fall in the 
lipid phosphorus was associated with 
a total cholesterol level that moved 

an opposite direction (Fig. This is 
unlike the pattern of lipid changes due 
to weight loss'* or the treatment of 
hypothyroidism or hype rthvroidism®**, 
for in these latter 3 clinical states the 
total cholesterol and lipid phosphorus 
levels change in the same direction. 
Peters and Man*4 and Foldes and Mur- 
phy® emphasize that the hypothyroid 
individual responds consistently to thy- 
roid therapy with a drop in both serum 
lipid phosphorus and total cholesterol 
Even though relatively large amounts 
of thyroid were administered in our ~ 
combined the si the mi — of our 
patients showed : 1 lipid phos 
phorus at least once Pate therapy 
All patients did not show a persistent 
lipid trend in an upward or downward 
direction. Fluctuations during the 
course of therapy reversed transiently 
the C/P trend, in 5 patients, Cases 2, 
3, 4, 7, and 15. It was decided, there- 
fore, to study the diurnal fluctuations 


instances, 


rise 
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of serum lipid phosphorus and to de- 
termine what effect the food intake of 
the previous day had upon these levels. 
\fter a standard fat meal (60 gm. of 
butterfat for a patient weighing 150 
lb. and 5 feet, 10 inches tall), blood 
specimens were taken during a 24- 
hr. follow-up period, during which 


$31 


time the patient ingested no fats. The 
phospholipid variations are pictured in 
Fig. 2, and they are compared with 
the concomitant total esterified fatty 
acid fluctuations. Hirsch and Carbon- 
aro! consider the latter to be more in- 
formative than cholesterol changes. 
Like Hirsch and Carbonaro we found 
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Fic. 1.—Concomitant changes of serum cholesterol and serum lipid phosphorus under this 
program of therapy. Group A, fall in C/P ratio; Group B, rise in C/P ratio. Tail of arrow 
indicates the before-treatment levels and the head of each arrow represents the final deter- 
mination. The 2 fractions showed divergent trends as compared with Fig. 13 of the studies 


of Watkins and associates*!. 
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that the total cholesterol did not change 
The daily phospholipid 
variations illustrated in Fig. 2 indicate 


significantly. 


that wide diurnal fluctuations may oc- 
cur and that exogenous fat may exert 
an effect for as long as 24 hours. These 
changes combined with wide fluctua- 
tions of total cholesterol during a period 
of months may make lipid ratio changes 
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onary or peripheral vessel athero- 
sclerosis) become worse. There was no 
significant change in the blood pres- 
sure or heart rate during therapy, and 
the basal metabolic rate showed no ele- 
vation. The role that the concomitant 


administration of choline and inositol 


plaved in altering the serum lipid pat- 


tern in these patients can be deter- 


eso 
Proseneriores” 
}- 
4 

3 
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aso} 
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Fic. 2. 


Concomitant total fatty acid and phospholipid determinations for 


a 24-hour period 


following a standard fat meal. Eleven-hour blood samples were drawn only on patients B.t 


and P.E. All 4 patients had coronary athe 
more apparent than real, particularly 
if the patient is not on a constant die- 
tary regimen or if the observer takes in- 
frequent specimens. (Both thyroid and 
choline increase the liver and plasma 
phospholipid turnover’*"', though this 
may occur without an increase in the 
plasma phospholipids.) 

Discussion. It was most gratifying 
to find that no undesirable side effects 
secondary to therapy occurred in any 
patient. In no instance did the symp- 
toms of the underlying disease (cor- 


rosclerosis and are discussed in the text 


mined only by the separate administra- 
tion of these agents. Recent studies in 
dicate, however, that it is unlikely that 
they exerted any significant effects up- 
on the serum lipids®®. An inter-reaction 
in the combined of 
thyroid*? 


and 
and thyroid" 
has been described and warrants fur- 
ther study. 


use thiamin 


and_ choline 


\ low caloric diet may be considered 
to be a lipotropic regimen* and the 
weight loss of each patient is there- 
fore recorded in Table 4. The serum 
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lipid changes in malnutrition resemble 
the changes following thyroid therapy 
in that both cholesterol and lipid phos- 
phorus change in the same direction!* 
a fall), and so the weight changes in 
oul patients cannot in themselves have 
produced the lipid pattern outlined 
above. However, the moderate fat and 
cholesterol restrictions 


dietary prac- 


ticed by the patients in this series 


PABLE 4 WRIGHT CHANGES IN 
Thyroid 
Patient Nea Dose* 
Case No. 1, BLE M 37 2 
Case No. 2, tt 
Case No DJ M 
Case No. 4 E. I M 67 } 
Cause N 9 23 
Case N 6,1. E M 38 1! 
Case No. 7, L. A M +t l 
Case No. $8, MoM M 2 2 
Case No. 9,0.H M 2! 
Case No. 10, P. I M 9 23 
Case No. 11, P. M 33 
Case No. 12, R.A 1! 
Case No. 18, 8.8 M (i4 ‘ 
Case No. 14, T. W M 2) 
Case No. 15, $3 


* The thyroid dosage is expressed in grains as the highest total daily 
. loss; N.C., no change. 


Weight in pounds +, gain; 


ould conceivably produce serum lipid 
hanges (not including cholesterol) dis- 
nctly different from more stringent 
strictions. 

There are recorded comprehensive 
tudies of the wide fluctuations of serum 
holesterol in patients with coronary 
but there have been 
w observations of serum lipid phos- 
iorus changes in the natural course 


therosclerosis, 
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of atherosclerosis. At the present time, 
therefore, it cannot be determined if 
the blood lipid changes described, par- 
ticularly the C/P ratios, are of a sig- 
nificant enough degree to affect the 
course of atherosclerosis or if they 
necessarily indicate a persistent trend. 
The wide fluctuations which may oc- 
cur spontaneously in serum lipids 
(Fig. 2) should cause the observer to 
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Duration of Duration of 
Symptoms Therapy Weight*4 
mo Smo 9 
6G mo 
lyr 10 NC 
2 6 14 
10 12 
l 7 
7 233 
8 6 9 
7 7 
10 
11 
7 mo 8 7 
10 vr 7 +3 
8} NC 
7} NC 


dose reached during therapy 


he extremely cautious in stating that 
serum lipid “improvement” has oc- 
curred. 

Conclusions. 1. A group of 15 euthy- 
roid subjects with an average age of 
51.4 was treated for an average period 
of 7.3 months with up to 2% grains of 
thyroid substance daily. All of these 
patients had atherosclerotic disease 
and were regularly experiencing symp- 
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toms characteristic of either angina 
pectoris or intermittent claudication. 
2. Under this therapy the total 
cholesterol/phospholipid ratio became 
lower in the majoritv of subjects, and 
this was due predominantly to diver- 
gent changes in the cholesterol and 
phospholipid fractions. This is unlike 
the lipid pattern found after simple 
weight loss or after thyroid therapy in 
hy pothy roid subjects. In the latter clini- 
cal state, previous reports have 
stressed that the serum phospholipids 
consistently fall after thyroid therapy, 
but the great majority of our euthyroid 
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LIPOMICRONEMIA IN MICE CAUSED BY 
ADMINISTRATION OF FAT 


By 


PentTri ERMALA 


PARENTERAL 


\L.D. 


Lars R. M.C 


AND 


Kat SETALA, 


HELSINKI 


Tr the Department of Anatomy 


University of 


THE absorption capacity of fats ad- 
ministered parenterally has widespread 
implications in different branches of 
medicine, and the absorption has been 
studied in numerous works using his- 
tologic and/or chemical methods. How- 
ever, the forms in which lipids, intro 
duced parenterally, are carried further 
in the body are unexplained. 

On the contrary, it is known that the 
physical state in which the main part 
of the alimentary fats are transported 
postprandially by the blood stream is 
that of a finely dispersed chylomicron 


emulsion! 


Gage and Fish* as well as 
Frazer and Stewart® have shown that 


starvation, under some circumstances. 


causes a mobilization of depot fat. 
which occurs in the blood as particles 
resembling the chylomicrons. These 
have been called lipomicrons®. 

As far as the authors know, it has 
not been reported previously that fat. 
administered parenterally, would ap- 
pear in the form of visible particles. 
The present studies, based on observa- 
tions on show that this 


mice, may 


occur. 


Methods. Known amounts of different fats 
and of fat emulsions were injected subcutane- 
intraperitoneally, 
conditions, into adult mice. The subcutaneous 
made through the skin of the 
dorsum into the tissue and included: 

of light petrolatum, 2) 0.1 cc. of 


ously and under aseptic 
injections were 
thoracic 
1) 0.1 cx 
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clive oil. 3) 0.22 ce. of an emulsion containing 
50% of olive oil in distilled water with 5% of 
pure egg lecithin, and 4) 0.2 ce. of an emul 
sion containing 50% of olive oil in distilled 
water with 3% of aqueous sodium cholate 
solution. The injections mad intraperiton 
ally consisted of: 1) 0.2 cc. of olive oil, 2) 0.2 
cc. of an emulsion containing 50% of olive 
oil in distilled water with 5% of pure es 
lecithin, and 3) O.4 « f cow's milk 

Blood samples from the tail vein wer 
taken both immediately before the injection 
ind 2. 5. 8. and 24 hours later. The number 
of fat particles in th blood (called lipomi 


crons in this article) was determined quantita 


| 


tively with the ultramicroscope technique and 
was presented in millions per cu. mm. of the 
plasma. The reliability of the method was 
controlled by using a pecial counting cham 
ber for chylomicron estimation 

The mice, which were kept on a_ sufficient 
and balanced stock diet, were fasted about 12 
hours before each experiment The animals 
were divided into 3 subgroups: 1) the non 


protein diet group, im which carbohydrates 
given ad libitum during the 


the high 


in which, in addition plenty of fat-free egg 


and water were 


experiment protein diet group 
white was given 2 days before as well as dur 
the 
groups without parenteral administration of fat 

The of the 
stained with Sudan III and examined micro 
Additional 

the 


dissolved In 


ing the actual experiment and 3 control 


tissues at the site injection were 


scopically. investigations were 


fluorescent 3:4 
different 


fluores ence 


made, using strongly 


benzpyrene injection 


media, and employing micro 


scope technique 
Results. No fat in particulate forn 
(lipomicrons ) appeared in the blooc 
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either after a fasting period of 12 hours 
or in the control groups without. in- 
jections when the animals were kept on 
fat tree nonprotein or high protein diet 
for 24 hours. 

SUBCUTANEOUS ADMINISTRATION. Fig. 
| presents typical “lipomicrographs” 
obtained trom the examination of the 
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ences between the influence of the two 
emulsions employed. Moreover, in the 
last mentioned group the diet seemed 
to have no certain influence. 

In general, the absorption was the 
more rapid, the more finely dispersed 
the emulsion. The lipomicronemia lasts 
at least about 24 hours after a single 


NON-PROTEIN DIET 
6H 

S 

a 

= 

= 

< 

= 

HIGH PROTEIN DIET 

= 

o LJ 

|S 7H 

— 

2 

x, 

o2 35 8 24 
HOURS AFTER SUBCUTANEOUS INJECTION 


hic. 1.—Lipomicrographs obtained trom the blood of mice after subcutaneous injection of fats. 


Control animals without injections 


0 © 


X 


Plain olive oil 
Olive oil emulsion with lecithin 


Olive oil emulsion with sodium cholate 


blood of the mice. Only minimal 
imounts of the introduced plain olive 


oil were absorbed in the form of parti- 
cles in animals of the nonprotein diet 


group. In mice of the high protein diet 
group, olive oil administration, how- 


ever, caused a clear lipomicronemia. 


But after previous emulsification, the 
ibsorptivity of olive oil distinctly in- 
‘reased. There were no certain differ- 


subcutaneous administration when, in 
all animals, there still was in the sub- 
cutaneous tissue plenty of the injected 
fat left. Because of the fact that in 
none of the control animals were fat 
particles observed, the differences 
were significant. 

Microscopic examination revealed 
that after administration of plain olive 
oil, the injected material tended to 


—_ 
] 
I 

1 
] 

it 
i 
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form minute droplets at the injection 
site (the varying from 


rons to larger ones), 


mic- 
which tact points 
to a spontaneous emulsification in the 
periphery of the fat droplet. It was 
impossible to establish with certainty 
whether or not the droplets were lo- 
cated in tissue spaces or in the ordinary 
lymphatics without any 


size 3 to 


signs of an 
emulsification. When light petrolatum 
was injected, the medium was located 
as larger oily globules in the sub- 
cutaneous structures. In the sites of the 
injections no local lesions could be ob- 
served instead of the 
amounts of fat. 
INTRAPERITONEAL ADMINISTRATION. 
The variations were too 
great to allow the drawing of a typical 
lipomicrograph. In general, fat 
absorbed considerably more rapidly 
when injected by this route than when 
injected 


relatively great 


individual 


Was 


and within 
about 2 hours there were lipomicrons 
in the blood. In most cases the visible 
fat particles disappeared from the 
blood stream during 24 hours. There 
were no clear differences between the 
absorption capacity of the emulsified 
and the nonemulsified fats. Moreover, 
cow's milk was absorbed in the form of 
visible lipomicrons from the peritoneal 
cavity. 
Discussion. 
bility in 


subcutaneously, 


Because of their insolu- 
water, fats require certain 
preparations before absorption. Theo- 
retically, as in gastrointestinal digestion, 
fat is absorbed in 2 different ways: 1) 
enzymatic formation of water-soluble 
split products, and 2) ) absorption in the 
form of finely dispersed particles. Be- 
cause the functions of the subcutaneous 
fat depot seem to be a specific activity 
of the cells®, the —— ope rating 
in fat depots and in fat that has been 
introduced parente can hardly be 
compared per se w ith each other. To 
what extent the subcutaneous struc- 
tures, except the ordinary fat cells, con- 


LIPOMICRONEMIA IN) MICH 


tain lipoly tic enzyme has not been ac- 
curately has 
been shown with cert: iinty that trigly- 


inve stigate cd. However, it 
cerides, for example, 
a small extent, thus allowing absorption 
Further, it 
fats can be 


are saponifie ‘d to 


of minute amounts of fats. 
is known that some trans- 
ported directly into the blood stream 
as phospholipids and cholesterin esters, 
formed enzymatically. 

As revealed in the present work, pre- 
viously emulsified fats, parenterally ad 
ministered, always cause a distinct visi- 
ble lipomicronemia in mice. It cannot 
be stated, 
amount is 


however, how large an 


absorbed and_ transported 
further in the state of lipomicrons, and 
how much in other forms. In addition, 
some facts point to the possibility that 
there may 
though a 


also occur a spontaneous 


minute and slow, 


As it is known, 


relatively 
emulsification. because 
of their special properties, the common- 
ly occuring alkali salts of the natural 
fattv acids are good emulsifiers. The 
most important of the other emulsify- 
ing agents in the body are phosphatides 
(lecithin) and the 

It is known that alimentary chylomi- 


bile constituents. 


crons are covered by a film composed 
of plasma proteins which make the 
chylomicron stable®. It is 
most probable that the physico-chemi- 
cal state of the 
emulsion in the 


emulsion 


lipomicron 
blood induced by sub- 
cutaneous or intraperitoneal injection 
is the same in principle. According to 
the observations reported herein, ad- 
ministration of plain olive oil caused a 
certain lipomicronemia in the high pro- 
tein diet group. This fact seems to be 
in agreement with the 
effect” of diet rich in proteins reported 
earlier’. 

It seems presumable that the 
formed lipomicrons are carried into the 
blood along the lymphatics, though not 
by the thoracic duct. There are known 
to exist direct communications, 


stabilized 


“absorbefacient 


espe- 
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cially in the gastrointestinal canal, and 
apparently in other sites of the body as 
well. The alimenti ary chylomicrons in 
mice disappear about 3 to 5 hours after 
entering into the blood. The escape of 
the lipomicrons from the blood ap- 
parently follows the same mechanism 
as that of the chylomicrons, provided 
that fats are employed which are ab- 
in unchanged form from the 
‘ntestinal tract. The mechanism 
in the absorption mechanism of the in- 


S¢ d 
gastr’ 


traperitoneally introduced fat is pos- 
sibly similar!” 
The total amount absorbed in the 


form of visible lipomicrons has not, so 
far, been determined; it seems plausi- 
ble, however, that the amount may have 
some significance also from the nutri- 
tional point of view. 

If unsaponified mineral oil or un- 
emulsified natural fat the ab- 
sorption of the substance dissolved in 


is used, 


the oil essentially depends on its sol- 
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ubility between the tissue fluid and 
the solvent used® and is always rela- 
tively On the contrary, if a 
quicker effect is wanted, or if greater 
amounts are to be given, emulsions or 
various lipo-hydrophilic solvents* are 
more useful. 

Summary. It was shown that paren- 
terally administered fats, under  cer- 
tain conditions, enter the blood stream 
in the form of visible small particles, 
so-called lipomicrons, the physical state 
of which most probably is similar in 
principle to that of the alimentary chy- 
lomicrons. 

A preceding emulsification of the fat 
is necessary before it is carried further 
by the blood as visible particles. In ad- 
dition, there exists evidence indicating 
that some spontaneous emulsification 
mav occur also in normal conditions. 

The possible absorption mechanism, 
and the significance of this finding, are 
discussed in brief. 


slow. 
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SERUM AMYLASE RESPONSE TO PANCREATIC STIMULATION AS 


\ TEST OF PANCREATIC DISEASE 


By THEoport 


LIEUTENANT 


From the Department of Medicine, 


AN adequate, simple test of pancreat- 
ic function in the detection of cases of 
chronic recurrent pancreatitis is highly 
desirable. When the disease has pro- 
gressed to the stage of permanent dis 
turbances of pancreatic function, the 
diagnosis is evident from the resulting 
and creatorrhea 
ot the 
pancreatic enzymes during an acute 


diabetes, steatorrhea 
Evidence of increased activity 
exacerbation of chronic recurrent pan 
creatitis frequently establishes the diag 

An intensive study of pancreatic dis 
undertaken at this 
and our main interest was in the clinical 


ease was hospital 
entity of chronic recurrent pancreatitis 


\s 


studied, the diagnosis was readily ap- 


these cases were systematically 
parent in those with permanent. se- 
quelae or in those cases in which in- 
creased serum amylase activity was 
detected during an acute exacerbation 
1 In those cases 


of the disease process’ 
which had not progressed to the stage 
of permanent sequelae and were free 
of acute painful seizures, the diagnosis 
proved difficult to establish. Studies 
were undertaken to evaluate the serum 
amylase response to stimulation of the 
pancreas in cases of chronic recurrent 
pancreatitis. 

Several investigators have produced 
an elevated amvlase level in 
animals following the injection of pilo- 
carpine!:'” 


serum 


prostigmine’®, and mech- 
olyl*°. Comfort and Osterberg®, in a 
comparative study of different pan- 
creatic stimulants in human subjects, 
440 
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M.( 


Indiana University Medical Center 


that both mecholyvl chloride 


and prostigmine methyl sulfate are es 


obser\ ed 


pecially valuable for the study of secre 
tion of pancreatic enzymes. Popper and 
Necheles!* 


stimulation of 


suggested that prostigmine 
the 
could probably be used to reveal func 


pancreas man 
tional insufficiency of the gland, especi 
ally in diseased states. Knight et al.” re 
their the 
amylase response following prostigmine 


ported studies on serum 
stimulation in cases of chronic recurrent 
pancreatitis. The results of this study 
revealed that prostigmine stimulation 
produced characteristic elevation of 
serial serum amylase levels in cases of 
pancreatic disease 

Studies were undertaken at this hos 
pital in 1949 to evaluate the serum 
amylase response following stimulation 


of the pancreas in patients with pan 


creatic disease. Chemical stimulation 
of the pancreas was selected as the 
more physiological method that 


ot 


under vagal control*. Prostig 


secretion pancreatic enzymes is 
mainly 
mine methyl sulfate, a safe, effective 
parasvmpathetic drug capable of stimu 
lating the secretion of pancreatic en 
zvmes, was used in this study. Consid 
eration was given to the use of secretin 
however, it was not used because its 
chief effect appears to be on the secre 
the 
probably from the cells ot 
the intralobular ducts*. Secretin appar 
ently has no direct stimulating effect 
on enzyme production in the pancreas 
as observed by Wang, Grossman, anc 


tion of water and bicarbonate by 
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lvy'". Ten normal patients with no evi- 
dence of pancreatic or cholecystic dis- 
ease as determined by clinical, labora- 
tory, and roentgenological examinations 
were used as controls. All 10 patients 
had normal tasting serum amvlase 
values on several determinations prion 
to administration of prostigmine. Twen- 
ty-one cases of chronic recurrent pan- 
creatitis and 4 cases of carcinoma were 
used to evaluate the response of serum 
amvlase to prostigmine — stimulation. 
The diagnosis in these cases was estab- 
lished by clinical findings and labora- 


were obtained every 2: hour for 2 hours. 
The amvlase values were determined 
by the method of Myers". 

‘Results. Conrrots. In the 10 con- 
trols, the serial serum amylase values 
showed little to moderate variation, but 
in all the amylase values were within 
the normal range for the method used 
in their determination (Table 1). The 
maximum variation in this control series 
was 118 mg. per 100 cc., which is ad- 
mittedly high if this value is compared 
with that obtained by Knight". How- 
ever, it is conceivable that amylase 


PABLE 1. SERUM AMYLASE VALUES IN CONTROLS BEFORE AND AFTER 
ADMINISTRATION OF PROSTIGMINE 


Vame Fasting 
M.s 194 27 
N. 4 114 157 
246 249 
Cc. 180 121 
E. D 109 104 
128 97 
178 145 
136 
108 110 
OB 140 147 

Average 152 189 
10 cases 


tory and roentgenological studies. In- 
creased serum amylase activity during 
an acute exacerbation was the usual 
criterion and in some of these cases 
surgical or postmortem findings con- 
firmed the clinical diagnosis. 
Methods. The patient was instructed 
to fast from midnight until the test was 
completed. At 8:00 a.m. a fasting serum 
amvlase specimen was obtained. The 
patient was then given 1.0 mg. of pro- 
stigmine methyl sulfate intramuscular- 
ly. Specimens for serum amylase values 


Mari mum 


140 Variation 
oF 83 125 111 
142 144 75 
207 216 187 4 
157 GS 
io 75 
79 112 112 
222 208 204 77 
72 114 118 
106 115 12 
137 93 98 
125 129 128 27 


activity will have a moderate range of 
variation because of its indirect role 
in carbohydrate metabolism and regu- 
lation of blood sugar, as has been ob- 
served and investigated by the author", 
and as has been reported by others". 
Thus it appears that a moderate varia- 
tion could be expected, but the serial 
serum amylase values should be within 
the accepted range of normal (normal 
range in our laboratory has been found 
to be 70 to 240 mg. per 100 cc.). The 
average values of this group are well 


le 
S 
id 
ic 
1 
n 
it 
\ 
n 
1 
1 
it 
1S 


within this range and show an average 
maximum variation of 27 mg. per 100 

STupY OF Cases witH CHRONIC RE- 
CURRENT PANCREATITIS. The serum 
amylase response following prostig- 
mine stimulation in 21 cases of chronic 
recurrent pancreatitis was studied. The 
serum amylase values were positive in 
17 of the patients, and when plotted, 
these values gave 3 types of curves. 
each significantly different from that 
obtained in the controls. Each case fell 
into 1 of 3 groups. 


TABLE 2.—-SERUM AMYLASE VALUES 


8 CASES OF CHRONIC PANCRE 


Rar Fast- 
Vicme don ing 0) 60 90 
M. ¢ 328 339 342 308 331 
O.H 191 505 164 361 $12 
M. Z $36 552 194 $92 $96 
324 371 216 334 337 
E. J 333 225 262 251 
M. ( 676 $58 316 351 310 
J. K. 308 405 405 348 408 
F. \ $00 360 230 400 
Average $20) 353 336 368 


TABLE 3.—SERUM AMYLASE VALUES 
5 CASES OF CHRONIC I 
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SI 
»>ANCREATIT 


Group 1. There were 8 cases in this 
group and all had an elevated fasting 
serum amylase value. Following pro- 
stigmine stimulation, there was a pro- 
gressive fall in the serial serum amylase 
levels, with a-slight rise usually in the 
90-minute value; the reason for this 
was not apparent (Table 2). The type 
of curve obtained in these cases was 
indicative of chronic pancreatitis with- 
out obstruction and was considered 
diagnostic because of elevated serum 
amylase values with a progressive fall. 


AFTER PROSTIGMINE STIMULATION IN 
ATITIS WITHOUT OBSTRUCTION 


Mari mum 


10) Variations (Comments 

298 +4 

379 134 Confirmed at surgery 

$55 97 Pancreatic calculi, hypergly- 


cemia & ch. cholecystitis 


333 155 Confirmed at surgery 

287 108 Ch cholecystitis & cholelith 
iasis 

856 148 

$13 65 Confirmed at surgery 

120 280) Pancreatic calculi, hypergly- 


cemia, chr. cholec \ stitis & 
cholelithiasis 


330 90 


AFTER PROSTIGMINE STIMULATION IN 
IS WITH TEMPORARY OBSTRUCTION 


Ran-_  Fast- Mar. 
Name dom ing 0" 60° 90° 120’ Var. Comments 
F.H 472 794 602 777 —s 750 756 192 Also diabetes 
B. O 869 305 274 526 274 122 404 Chr. pancreatitis at surgery 
M.N. - 460 420 660 540 500 240 Chr. cholecy stitis & cholelith- 
iasis 
W.S 207 236 233 256 287 193 94 Previous cholecystectomy 
F. S. 805 277 357 855 875 $21 98 Also diabetes 
Average 414 877 515 445 878 138 


(5 cases) 


S cases 
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The average maximum variation was 
YO mg. per 100 ce. 


Group 2. There were 5 cases in this 
group and all revealed a curve that was 
characterized by a moderate rise in the 
serum amylase values, followed by a 
fall (Table 3). In all but 1 case, the 
fasting values were above normal, and 
following prostigmine stimulation, a 
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significant rise in serum amylase values 
above the fasting value occurred. 

The average curve of these 5 pa- 
tients was indicative of a temporary 
ductal obstruction, which finally was 
overcome as the pressure increased and 
allowed drainage to occur, as reflected 
in the progressive fall of serum amylase 
values to a level below that of the fast- 


SERUM AMYLASE VALUES AFTER PROSTIGMINE STIMULATION IN 


4 CASES OF CHRONIC PANCREATITIS WITH OBSTRUCTION 


Fast- 
ing 
333 


30’ 
349 
683 
396 


230 


60° 
494 
792 
361 


240 


90" 
748 
932 


369 


683 


RESULTS AFTER PROSTIG MIN 


120’ 


807 


976 


462 


598 


Mar. 


Var. 


474 


299 


Comments 


Confirmed at surgery 


Penetrating duodenal ulcer 


into head of pancreas with 
pancreatitis 


E STIMULATION IN 4 CASES OF 


CHRONIC PANCREATITIS WITHOUT AMYLASE RESPONSE 


TABLE 4 
Ran- 
Name dom 
478 
566 
W.B 
\verage 
4 cases 
TABLE 5 
Vame Random 
2240 
(6-7-50 
257 


6-19-50) 
6-20-50) 


L. S. 349 
(6-24-50) 


(6-28-50) 


L. G. 481 
(11-14-49) 

192 
(12-16-49) 

240 
(1-2-50) 

234 
(1-27-50) 
(1-30-50) 


Fast- 
ing 


149 


83 


151 


156 


60" 


~ 


wt 


90" 


197 


130 


198 


120’ 


Mar. 


Var. 


135 


Comments 


Chr. pancreatitis & chole- 


cystitis with cholelithiasis 
was confirmed at surgery 


Jaundiced, severe rec. epi- 


gastric pain. Nonfunction- 
ing gallbladder with no 
evidence of stones. No 
hepatic disease 


Cholecystotomy for calculi in 


1947. Diabetic type of glu- 
cose tol. curve in 1950. 
Marked calcif. of pancreas 
on Roentgen-rawexam. 


Recurrent severe epigastric 


pain with abdominal disten- 
tion. Non-functioning gall- 
bladder with large calculus. 
Upper G. I. series neg. 


677 | | | | 
319 143 
385 $15 472 711 $26 
30’ | | | 
i 
| = = 174 45 
63 = = 186 
_ 166 130 182 156 244 114 
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ing one. The average maximum varia- 
tion was 138 mg. per 100 ce. 

Group 3. In this group there were 4 
cases of chronic pancreatitis with ob- 


struction and all 


t showed charac- 


teristic rise in serum amylase values 
following prostigmine stimulation. The 
rise in serum amylase was progressive. 
with the 120- minute value much great- 
er than fasting 
maximum variation mg. per 
100 cc. The response obtained in this 
group was indicative of persistent in- 


one. The average 


was 326 


trapancreatic obstruction. 


Group f, Out of a total of 21 cases of 
chronic pancreatitis studied in this 
series, 4 fall into this group. These 
cases revealed elevated serum 
amvlase value during the acute or sub- 


acute phase of their painful exacerba- 
but all had 
tests (serial serum amylase 
were within normal range) (' 


tions, negative prostig- 


values 
Table 5). 

The diagnosis was clinically 
lished in all 4 cases and confirmed at 
surgery in 1 patient (B.L.). The 
conclusion to be drawn from the 
tive” 


mine 
estab- 


only 
“nega- 
stimula- 
tion is that apparently the pancreatic 


response to prostigmine 
inflammatory process had completely 
subsided, that neither 
ductal obstruction existed. 


and intrapan- 
reatic nol 
Srupy OF CASES WITH PANCREATIC OR 
Common Ducr CarcinoMa. Studies on 
the serum amylase response following 
stimulation under- 
taken in 4 patients with obstructive 
jaundice and clinical findings strongly 
suggestive of malignancy. The amylase 
varied so that there was ob- 
served no typical curve representative 
of these The significant feature 
of the serum amylase response which 
proved to be di: gnostic from a clinical 
point was the marked 
prostigmine stimulation. 


diagnosis in these 


prostigmine were 


response 


CaSeS. 


rise following 
The clinical 
cases was confirmed 
by surgical and postmortem findings. 
Discussion and Summary. The need 


RESPONSE TO 


PANCREATIC. STIMULATION 

for an adequate and simple test of pan- 
creatic function in the detection of pan- 
voiced by 
Investigations undertaken 
to study the amvlase 
following stimulation of the 


creatic disease has been 


many. were 
serum response 
pancreas 
cases of pancreatic disease with early 
or mild pancreatic dysfunction as_re- 
Hected solely by an elevated amvlase 


value. Chemical stimulation was se 


lected as the preferable method because 
of the 
enzymes. is 


fact that secretion of pancreatic 


under vagal control. Pro- 


methyl sulfate was used in this 


investigation 


stigmine 


and readily produced a 


significant serum amylase response in 
cases with pancreatic disease. The en- 
couraging Knight 
et al.* proved invaluable in interpreting 


and evaluating the 


results reported by 
various amylas« 
values obtained in this study. 

The 10 controls used in studving the 
serum amvlase response to prostigmine 
stimulation revealed a moderate varia- 
but within the 
accepted range of normal (70 to 240 
100 cc.). The 


this group sloped downward slightly 


tion in values. all were 


mg. per average curve in 
maximum variation of 
100. ce. 


Twenty-one 


with an average 
27 mg. per 
chronic 


cases of pan 


creatitis were studied following pro- 
Significantly ele- 
values were evi- 
(S17), while 


prostigmine 


stigmine stimulation 
vated serum amylase 
dent in 17 of these 
t cases had a 
test (19%). The 
in the prostigmine test cases, 
when plotted, gave 3 different types of 
curves, each significantly different than 
that obtained in the control group. The 
curves were of 


“negative” 
serum amylase values 


“positive” 


clinical significance in 
that they usually revealed the presence 
of pane reatic cellular inflammation with 
or without intrapancreatic or ductal ob- 
struction. The curves also indicated the 
degree of obstruction present. Four 
cases of chronic recurrent pancreatitis 
failed to abnormal 


reveal an serum 
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imylase response following prostigmine 
stimulation. The basis for the “nega- 
4 cases is not clear, 
but it appears that the acute pancreatic 
inflammation had entirely subsided 
prostigmine test was per- 


tive’ test in these 


when the 
formed. 

Four cases of pancreatic or common 
also studied. All 
t cases had significant curves that re- 
marked elevation of serum 
values, which proved to be 
diagnostic. The 
did not 


duct malignancy were 


vealed 
amvlase 
curves obtained in this 
group have a characteristic 
pattern. 

Conclusions. Prostigmine stimulation 
of the has a value in the 
study of patients suspected of having 


pancreas 
pancreatic disease. 

The test 
seen shortly after an acute episode sus- 


mav be of value in cases 
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pected of being chronic recurrent pan- 
creatitis, especially when clinical symp- 
toms have subsided. A significant eleva- 
tion of serum amylase values above 
normal following prostigmine stimula- 
tion is diagnostic. 

The prostigmine test is a fairly ade- 
quate, simple test that has been diag- 
nostic in 81% of the cases studied here. 
The test is limited in that it is only a 
simple clinical evaluation of pancreatic 
function and is not to be compared to 
the more informative tests of pancreatic 
physiology and enzyme concentration 
as determined by duodenal intubation 
and hormonal stimulation. 

The simplicity of the prostigmine test 
adds to its usefulness and it can sad 
readily performed in any hospital o 
office equippe to make serum 
determinations. 
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TYPHOID FEVER: CHLORAMPHENICOL THERAPY 


AND THE PROBLEM OF RELAPSE 
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P. Bocer, M.D.+ 
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UNIVERSITY OF 
SCHOOL OF 
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MEDICINE 


From the Department of Medicine, Philadelphia General Hospital) 


THE amelioration of symptoms of 
typhoid tever by chloramphenicol is 
no longer seriously disputed, for the 
beneficial effects of the drug, as initial- 
ly reported'®, have been confirmed 
by many independent investigators**: 
However, the voluminous litera- 
ture on this subject contains an in- 
creasing number of reports of relapses 
of chloramphenicol-treated — typhoid 
fever and persistence of positive stool 
cultures during and after therapy. The 
presence of S. typhosa in the stools of 
individuals who are afebrile and clini- 
cally improved tends to favor the re- 
lease of infected persons into the gen- 
eral population. This clinical improve- 
ment without cure makes chloramphe- 
nicol therapy of typhoid fever con- 
siderably more complex than it ap- 
peared when this valuable agent was 
introduced. It is the purpose of this 
paper to present 3 cases of typhoid 
fever that illustrate some of the prob- 
lems arising in association with chlor- 
amphenicol therapy. 

Case Reports. Case No. 1. Three weeks 
prior to admission, S.S., a 14-year old colored 
girl, was visiting in another state and became 
ill. She presented symptoms of chills, fever, 
and diarrhea and the condition was diagnosed 
as typhoid fever. Seven days after the onset, 
therapy was started with chloramphenicol; 


and 


3} gm. of the drug were given initially 
0.75 gm. daily thereafter for 9 days. Her 
returned to normal within 6 
was instituted and_ she 
atter 


temperature 
days after treatment 
allowed to 
afebrile for 4 days. 
When admitted to this hospital on Sept 
21, 1949, at the request of the public health 
authorities, her temperature was normal and 


was return home being 


her physical examination negative. The pa- 
tient’s temperature rose to 102° F. on the 3rd 
hospital day and a stool culture obtained at 
this time was positive for S. typhosa (Chart 
1). Chloramphenicol therapy was started on 
the 8th hospital day and was continued for 5 
davs for a total of 10 gm. Cultures became 
negative and the temperature was normal with- 
in 4 davs after the onset of therapy. Treat- 
ment was cut short purposely on this occasion 
to determine whether the prompt remission 
due to the to the natural 
evolution of the disease. 

On the 26th hospital day (51st day of the 
disease), blood and stool cultures obtained 
from the patient were positive for S. typhosa 


was antibiotic or 


and again her temperature rose to 102° F. 
Another course of chloramphenicol was started 
and a total of 25 gm. was given over a period 
of 12 days. She became afebrile on the 3rd 
day of therapy and cultures were negative. 
There was no relapse during the 3-week fol- 
low-up period. 

The infecting strain of S. typhosa was sen- 
sitive in vitro to 5 y of chloramphenicol per 
ce. The patient 6-hour dosage 
schedule and antibiotic plasma determinations 
were performed periodically during treatment 
The levels were found to range from 20 to 30 
y of chloramphenicol per cc. after a 1-gm. 


on a 


* Fellow in Infectious Diseases, Philadelphia General Hospital. 
+ Assistant Visiting Physician, Philadelphia General Hospital. 
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dose, and from 10 to 15 y per cc. after a 
0.5-gm. dose. 


ComMMeENtT. The first 2 courses of 
chloramphenicol therapy, one prior to 
admission to the hospital and the initial 
course given in the hospital, were in- 
adequate when compared to dosage 
schedules currently recommended". 
One course of treatment was cut short 
purposely to determine whether the 
prompt control of fever and symptoms 
was really assignable to the antibiotic. 
lhe patient relapsed within 14 days 


DAY OF DISEASE 
DAY IN HOSPITAL 


TEMPERATURE 


BLOOD 
FECES + 
URINE 


CULTURES 
TYPHOSA 


4 


CHLOR AMPHENICOL 


wec x 1000 67 77 
AGGLTIN 
° 1640 
y/™ 
SENSITIVITY 


STREPTO 20 
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as 1000 y of chloramphenicol per cc. 
fail to kill the typhoid bacillus'’. 

The 2 relapses and the protracted 
course of illness suggest that inade- 
quate the ‘rapy May suppress the symp- 
toms and prolong ‘the disease. The lack 
of correlation between symptomatic 
and bacteriologic control of typhoid 
fever emphasizes the necessity of strict 
observance of public health regulations 
prior to the release of a patient from an 
institution after chloramphenicol ther- 
apy. Had it not been for alert public 


Cuanr 1.—Clinical course in Case 1 (Patient S.S., 14 years old, weight 80 Ib.). 


ifter a 5-gm. total dose was adminis- 
ered over 4 days, whereas she _ re- 
ipsed within 10 days after a total dose 
f 10 gm. over a 7-day period. Thus a 
mger remission was actually obtained 
ith the smaller total amount of drug 
ie second time it was administered. 
‘his lack of correlation of relapse time 
) duration of therapy has been noted 
v other investigators’. It is suggested 
iat in this patient chloramphenicol 
ad a suppressive rather than a cura- 
ve effect. This may be a reflection of 
1e in vitro bacteriostatic nature of the 
rug; it has been reported that as much 


health officers, the above patient might 
have become a focus of a typhoid fever 
outbreak. 


Case No. 2. M. C., a 20-year old colored 
woman, was admitted to the hospital on Dec. 
4, 1949, with the chief complaints of head- 
ache, chills, and diarrhea. Her illness began 
9 days prior to admission at which time she 
had a high fever and frequent chills. The 
symptoms were severe enough to confine her 
to bed. The patient was treated by her phy- 
sician with penicillin and sulfonamide drugs 
with no beneficial results. She had diarrhea 
for 3 days before coming to the hospital. 

Physical examination revealed a _ mal- 
nourished, acutely ill woman in a semi-coma- 
tose state, temperature 104° F. and pulse 
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100. No other abnormal findings were noted 

oS. typhosa was recovered from the blood 
culture taken on admission (Chart 2). Inas 
much as the organism was sensitive to 1 y of 
aureomycin per ce. in vitro, it was decided 
that the intravenous form of this drug be 
given a trial. The rapy was discontinued after 
3 days when the patient did not respond 


bacteriologically. Chlor 
6th hospital 


either clinically o1 
amphenicol was started on the 
day, the patient receiving 3 gm. daily for 
days and then 2 gm. daily for 5 days for a 
total of 31 gm. She showed clinical improve- 


24 


was normal on the 


hours, and het 
ith day 


ment within temperature 


of this treatment 


tive until the 29th hospital day (35th day of 
the disease at which time the temperature 
to 104° F. Blood culture was 
but S. typhosa was recovered from the stool. 
Chloramphenicol, 2 
started, the temperature 
normal 3 The 
continued to be positive-for S. typhosa despite 
30 days of treatment with 71 
of chloramphenicol. On her 62nd_ hospital 
day, 2 daily, 
tuted for the chloramphenicol. Stool cultures 
became negative after 8 days of aureomycin 
therapy and remained free of S. typhosa for 
the duration of treatment (29 days). The pa- 
tient was observed for 3 weeks after therapy 
discontinued and was discharged 


rose negative 
gm. daily, was again 
to 
however, 


and returned 


within davs. stools. 


SUCCESSIVE gm 


aureomvcin, gm. was substi- 


was 
cured 


as 


BOGER: TYPHOID FEVER 
Che patient's chloramphenicol plasma con 
atter 0 of the drug 


ranged from 7.5 to 30 - over a 6-hour 


centrations a 5 gm. 
per ce. 
period, The intecting organism was sensitive 


in vitro to 12 y of chlor unphenicol per ce 


Comment. This patient illustrates a 
good symptomatic and bacteriologi: 
the 
initial phase of her disease. Despite 
of 


a period of 12 


response to chloramphenicol in 


the adequate treatment of gm. 
chloramphenicol over 


davs, she relapsed 10 davs atter the 


DAY OF DISEASE 7 10 12 4 16 18 20, 2 2, 4 \ % (38 4 € 6 64 6 
DAY IN HOSPITAL | 4 to! he! tal te! he \\l2e sa 
8 1 
win a 2 
(F*) 100) \ A \ 
BLOOD + + + + ° ° ° 
CUL TUR 
FECES 
S.TYPHOSA 
URINE 
AUREOMYCIN 2 
GM/DAY 
4 
CHLORAMPHENICOL > 
wBC x 1000 5447 83 31 33 
AGGuTINATIONS +320 
+320 1640 
sensitivity CHLORO. 12:0 7 /ML 
AUREO. 10 
Cuart 2.—Clinical course in Case 2 (Patient M.( 20 vears old, weight 100 Ib 
She was afebrile and cultures were nega- drug was discontinued. The secon 


course of the antibiotic, though effec 
tive in causing defervescence, failed t 
render the stools negative for S. typhosa 
The transient carrier state persisted dun 
ing therapy with 71 gm. of chloramph« 
nicol over a 30-day period. The lack ot! 
effect of the drug inthe “tissue” phase o 
the disease has been observed by othe 
investigators®*"*:"*, It is suggested tha 
this patient's disease passed from 

to 


by the discontinuance of specific trea! 


controlled an uncontrollable | stat 


ment. The possibility of this occurrenc 
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should make one hesitate to employ 
“block” therapy in typhoid fever. 

\ureomycin did not appear to be 
effective in the initial stage of the dis- 
ease though the adequacy of the trial 
in this case is questionable. The em- 
ployment of aureomycin in the “tis- 
sue” phase of the disease may have 
been a factor in producing the ultimate 
negativity of the stools, but this is mere 
speculation. 


An initial diagnosis of meningitis was ruled 
out by performing a lumbar puncture and 
studying the spinal fluid. The leukocytes 
numbered 4,300) per cu. mm., blood cul- 
ture was negative, and the typhoid agglutina- 
tions were not diagnostic of the disease 
(Chart 3). At first the patient’s temperature 
declined slowly with no specific therapy. On 
the 15th hospital day (18th day of disease ) 
the temperature rose to 105° F. and a blood 
culture was reported as positive for S. typhosa. 
Chloramphenicol was started on the 23rd 


hospital day, the patient receiving 3 gm. daily 


DAY OF DISEASE 4 6 8 0 2 i 6 1 2 22 2 26 2 30 32 34 36 
DAY IN HOSPITAL 2 4 6 8 © 2 4 6 8 2 22 2 26 28 3% 32 34 
TEMPERATURE 102 
(F*) 10 
CULTURES BLOOD + Oo 
S.TYPHOSA FECES + 
wBC x 1000 43 3.6 7.7 48 10.3 
12, 
PENICILLIN (1M ) 
100,000 U/DAY 6 
x 
a 
CHLORAMPHENICOL 
GM/DAY 
ol 
1640 
AGGLUTINATIONS £80 


Cuart 3.—Clinical course in Case 3 (Patient L.J., 20 years old, 4 months pregnant). 


Case No. 3. L. J., a 20-year old colored 
woman, was admitted to the hospital with a 
history of headache and stiff neck of 3 days’ 
duration. The patient was well until 3 days 
prior to admission, at which time she began 
having severe frontal headaches which were 
not relieved by aspirin. She also noted at this 
time difficulty in bending and rotating her 
head. A visiting nurse discovered that the 
patient was febrile and recommended hos- 
pitalization. She was 4 months pregnant. 

Physical examination revealed a well de- 
veloped and well nourished pregnant woman. 
She appeared in no acute distress but was 
somewhat lethargic. Temperature on admis- 
sion was 102.4° F., pulse 108. The uterus was 
found to be enlarged to the extent of a 4- 
months’ pregnancy. There was moderate nu- 
chal rigidity. 


for 3 days and then 2 


2 gm. daily until a total 
of 36 gm. was given. The duration of ther- 
apy was 16 days. A stool culture was positive 
for S. typhosa on the 4th day of treatment 
and the temperature did not become normal 
until the 10th day. The patient remained 
afebrile and the stool cultures were negative 
for a 3-week follow-up period after the dis- 
continuance of therapy. 

The organism in this case was inhibited 
in vitro by 12.5 y of chloramphenicol per 
ce. Two antibiotic plasma determinations at 
4 and 6 hours after one of the doses were 
found to be 7.5 and 5 ¥ of chloramphenicol 
per cc., respectively. 

The patient was subsequently readmitted 
to the hospital at term and she had a normal 
uncomplicated delivery. 
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CoMMENT. This patient's sympto- 
matic response to chloramphenicol was 
not considered to be a good one be- 
of the delayed defervescence. 
The failure to respond well may have 
been a reflection of the low antibiotic 


concentrations achieved 


cause 


in her blood 
on the basis of the doses given. 


Pregnancy and typhoid fever do not 


commonly occur in combination (1 to 
3%) but when the two conditions co- 
exist, abortion or premature labor re- 


sults in approximately 40 to 60% of the 
cases! Chlor: umphe nicol may have 
ened ae the complication in this case. 
Discussion. Patients 1 and 2 illustrate 
hat beneficial symptomatic effects m: LY 
be observed when chlor: amphenicol is 
employed in the treatment of typhoid 
fever. A of general well-being 
usually precedes the defervescence that 
is commonly noted within 4 days after 
the administration of adequate therapy. 
The third patient was given 36 gm. of 
chloramphenicol over a period of 16 
days and yet the 
striking 
were low 


sense 


response was not a 
Plasma 
in this individual indicating 
either a poor absorption or a rapid inac- 
tivation of the antibiotic 

The phenomenon of 
typhoid fever after chloramphenicol 
therapy has yet ade ‘quately to be ex- 
plained. In the era of nonspecific ther- 
apy of typhoid fever relapses copeere d 
in approximately 3 to 16% of the cases™ 
this rate of relapses seems to be little 
altered*:*:!! or even higher in some re- 
ports’? when specific therapy is em- 
ployed. It is a real question whether 
the term “relapse” has the same con- 
notation in the older literature and in 
the more recent vears when specific 
therapy has been available. Admittedly 
typhoid fever is a variable disease, but 
in the older reports relapses were said 
to occur when there was a recrudes- 
cence of fever and symptoms after 
the initial infection had run a course 


one. concentrations 


by the body. 


relapse in 


BOGER:! TYPHOID FEVER 

over periods as long as 42 days. In the 

of therapy of 

fever, “relapses” occured with- 
1 10 to 16 days after a course of treat- 

ment had supposedly controlled the 

infection. Thus 


under 


discussions antibiotic 


several “relapses” 
the more recent definition may 
occur during the interval formerly 
the initial in- 
tection to run its course (28 to 42 days 
as high as 70 to 90 days ). 
This leads to interesting speculation 


garded as necessary tor 
with extremes 


as to the nature of typhoid infections 
and the action of chloramphenicol it 

this disease. Although typhoid fever is 
“intracellular 
evolution 
not been emphasized as it has in bru- 
malaria, the 
harboring of typhoid infection in the 
asymptomatic form is recognized, that 


a bacterial disease and an 


or tissue” phase in its has 


cellosis or nevertheless, 


is, carrier state, chronic osteomyelitis, 
and it has been reported that S. typhosa 
can be demonstrated in the young 
plasma cells in the tissues of the pa- 
tients'”. In the early and_ invasive 
phase of typhoid fever, chlorampheni- 
col may have its greatest usefulness 
but once the disease has become es- 
tablished, the drug may merely con- 


trol symptoms and not alter the basic 
recovery pattern of the patient to any 
The latter fact is evident 


by the occasional persistence of posi- 
8.8.14.16 


great de oree. 


tive stools during therapy and 
the failure of the antibiotic in the treat- 
ment of the carrier state*-*."4 
tion even arises as to whether specific 


The ques- 


therapv in the form of chloramphenicol 


interferes with the natural evolution of 


antibodies. Some cognizance of this 
possibility has been taken by the 
French workers who, at the same time 


that chloramphenicol therapvy is started. 
subject their typhoid patients to treat- 
ment with convalescent globulins and 
serum obtained from hyperimmunized 
animals?. 

Chloramphenicol is a bacteriostatic 
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agent. When suppression therapy is 
is essential that the sup- 
pressive agent be used for a sufficiently 
long time. This may be accomplished 
by a) “block” treatment or b) contin- 
uous therapy. Under either circum- 
however, the total duration of 
therapy should probably coincide with 
the accepted “average” duration of un- 
modified typhoid fever. With the dis- 
continuous type of therapy, the patient 
is treated initially until he is asympto- 
matic and then, after a short rest pe- 
riod, treatment is again beg ‘gun at a time 
calculated to correspond with in- 
cubation period of the organism. This 
program is bacteriologically sound and 
is based on generation time and recov- 
ery time of the organisms subjected to 
growth suppression by chlorampheni- 
col. However, the wisdom of allowing 
an organism as virulent as the typhoid 
bacillus to regain even a little of its 
vitality is questionable. The difficulty 
encountered in the treatment of car- 
riers plus the fact that the carrier state 
after chloramphenicol 


employed it 


stance, 


has occurred 


The 


authors are indebted to Dr. Frieda Baumann and Dr. Charles M. 
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therapy’ makes one hesitate to employ 
any therapeutic program that might 
be interpreted as “minimal”. It is 
agreed that prolonged continuous ther- 
apy will be in excess of the needs of 
many typhoid patients, but this is 
justifiable when one considers the epi- 
demiological importance of the disease. 

Summary. Three patients with 
typhoid fever were treated with chlor- 
amphenicol. These cases illustrate prob- 
lems which occasionally arise even 
when this specific antibiotic is em- 
ployed in the treatment of the disease, 
that is, re lapse Ss, pe rsistence of posit: ve 
stools during therapy, and delayed 
defervescence. A discussion is presented 
in an effort to explain these undesir- 
able effects. The evidence seems to 
indicate that chloramphenicol therapy 
of typhoid fever is suppressive rather 
than curative. It is suggested, there- 
fore, that the total duration of treat- 
ment should probably coincide with 
the accepted “average” duration of 
unmodified typhoid fever if the best 
results are to be obtained. 


Thompson, on whose 


services the patients were admitted, for the privilege of treating and reporting the cases; to 


the 


Division of Bacteriology for the 
Davis & Co. for the chloramphenicol; 


laboratory 


diagnoses and serologic studies; to Parke, 


and to the Research Fund for Infectious Diseases of the 


University of Pennsylvania School of Medicine for support of this study. 
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EXTREMITY BLOOD FLOW IN THE DOG 
IN THE PRESENCE OF OBSTRUCTIVE ARTERIAL CLOTS*® 
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From the Whitehead Department of Surgery, Emory University School of Medicine 


IN recent much been 


written concerning the role of reflex 


years 


obstructed 
arterial segment!’'*. The obstruction 


vasospasm caused by an 
may be caused by an area of thrombo- 
sis, a recent or old embolus, a scar, or 
an aneurysmal sac which was left in 
place at operation. These obstructed 
areas along an artery are believed to 
act as irritating foci which give rise 
to vasoconstrictor impulses, via the 
svmpathetic nerves, resulting in spasm 
of the collateral the 


lesion. 


vessels around 

Consequently, it has been advocated 
that of the obliterated 
ment of artery will eliminate the irri- 
tating the collaterals to 
dilate, and thereby increase the circu- 
lation to the part. Leriche has been 
the outstanding proponent of _ this 
hypothesis'*"*. Although he and _ his 
done 


resection seg- 


focus, allow 


associates have experi- 
mental vascular work on dogs, most 
of the evidence supporting this theory 
has been obtained by clinical observa- 
tion of the subjective and objective 
improvement of the patient (for ex- 
ample, return of skin temperature and 
color to nearly normal, and increase in 
the arterial pulse volume of an ex- 
tremity) following resection of a seg- 
ment of artery. 


The authors therefore planned to 
study the problem by measuring the 
actual extremity blood flow, by means 
of the venous occlusion plethysmo- 
graph, before and after production of 
obstructive arterial lesions, and subse 
quently after resection of the lesion. 


Healthy 


were used in all 


Experimental Method. mongrel 
dogs weighing 9 to 20 Kg 
experiments. Pentobarbital sodium (ne mbutal 
anesthetic, 64 mg. per 5 pounds of body 
weight, was used, and aseptic technique was 
carried out in all operations 

It was necessary to develop a method by 
clot 


sistently produced within an arterial lumen 


which obstructive could be con 


Several traumatic and irritating procedures 


used by other workers’.9:15.17.19 were tried 
but the results were found to be incon- 
sistent and unreliable. Clots formed by the 
injection of thrombin or other coagulating 
agents into an isolated arterial segment con 
taining blood were soft and would move 
down the vessel wall and. disintegrate. A 
modification of the method used by Dees 


and associates?:4:16 in extracting renal stones 
was finally developed Briefly, the technique 


was as follow 


An arterial segment, usually 2 to 4 cm 
in length, was isolated between bulldog 
clamps. (This segment of artery was ob 
served to go into spa consistently during 


the operative manipulation ) A No. 25 gauge 


needle was introduced; the blood was with- 
drawn into a tuberculin syringe and its vol- 
ume measured. Leaving the needle in place 
the svringe was detached and another con- 
taining either 70% alcohol or sodium mor 


* This investigation was supported in part by a research grant from the Medical Research 


ind Development Board, Office of The Surgeon General, U. 


$52 


S. Army. 


MC CLURE, MURPHY: 
attached. A volume of this 
the volume of blood 
aspirated was injected and allowed to remain 
i0 minutes. At the end of this time the 
withdrawn and the lumen 
flushed several times with physiologic saline 


rhuate was 


material equal to 
5 or 
solution was 
solution. 

This initial step of irritating the intima was 
believed to be to make the clots 
“stick” in a straight artery. Apparently the 
irritation increases the microscopic permeabil- 
itv of the and thus the 
coagulum to become more securely attached. 

Thrombin solution, 0.02 to 0.05 cc. (100 
was injected into the artery and 
followed by a volume of fibrinogen solution® 
0.04 fraction 1 per 1.5 times 
greater than the volume of blood originally 
This slightly distended the artery 
ind was a necessary step in making the clot 
remain in place after release of the clamps, 
the following 
operative trauma. Five minutes after the in- 
fibrinogen, the 
withdrawn without leakage. 


necessary 


intima allows 


units per cc 


gm. of ce.) 


as pirate d 


because of spasm of vessel 


jection needle could be 


Five minutes after removal of the needle 
the proximal bulldog clamp was released and 
the clot allowed to pack against the distal 
clamp for an additional 5 minutes. If a satis- 
factory clot formed, it would remain clear 
ind not become blood stained subsequent to 
removal of the proximal clamp. If blood 
flowed around the coagulum, the clamp 
had to be reapplied and a small amount of 
thrombin introduced into the lumen at the 
proximal end of the thrombus. Again, a 
period of 10 minutes was allowed to pass be- 
fore the clamps were released in the order 
previously described. The wound was closed 
in’ lavers with interrupted cotton sutures. 

While the technique was being developed, 
many clots were excised at various intervals 
from 24 hours to 4 months postoperatively for 
and microscopic examination. They 
were thus studied in progressive stages of 
When the arteries were divided 
just distal to the clots, the proximal ends 
would not bleed, showing that the clots did 


GTOSS 


organization 
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not permit the passage of blood through or 
around them. A specimen is shown in Fig. 1. 
Fig. 2 shows an arteriogram made 1 month 
after a clot was formed in the femoral artery. 

The blood flow in the hind limbs of the 
dogs was measured with an optically-record- 
ing, venous air plethysmograph 
similar to the one described by Eckstein and 
others®. Flows were measured with the ani- 
mals under pentobarbital sodium (nembutal) 
anesthesia, lving on one side with the ex- 
tremity elevated slightly above body level 
to insure good venous drainage. 

The entire lower portion of the hind limb, 
from the knee downward, was sealed in the 
plethysmographic Thus, while limb 
volumes varied from dog to dog, the same 
relative portion of the extremity was used in 
all. 

Room temperature was kept as nearly con- 
stant as possible during each experiment. by 
means of air conditioning, and it usually did 


occlusion 


hoot. 


not vary more than 2° to 3° in the range of 
72° to 80° F. Blood pressure measurements 


were taken between flow measurements with 
the tail plethysmograph described 
Deterling and Essex°. 

Experiment 1. The femoral arterv 
just below the inguinal ligament was 
selected as the site for producing the 
clots. Five animals were used. At the 
beginning of the experiment, 2 or 3 
preoperative blood flows were taken 
on each animal, usually 4 to 7 days 
apart, in order to establish a_ basal 
level. Postoperative measurements 
were taken immediately after opera- 
tion, 24 hours after, and every other 
day thereafter until the flow reached 
a preoperative value (Table 1A). 

It can be seen that there is a rather 
wide range of normal flow in each dog 
as well as in the group. Most of the 


* Detailed information on the reactions of thrombin and fibrinogen, and the physical prop- 
erties of the resulting coagula, is presented in the excellent monographs of Ferry and Morrison‘, 
and Dees and associates*.4.16, It was found that 1 unit of thrombin will clot 1 cc. of fibrinogen 
fraction 1) solution in a test tube of 1 cm. inside diameter, in approximately 45 seconds if 
the fibrinogen concentration is 10 gm. per liter, pH approximately 6.3, ionic strength 0.15, and 


the temperature 25° C, 


It is to be emphasized that in producing clots by this method only fresh solutions of thrombin 
and fibrinogen should be used. Solutions in the concentration described can be refrigerated 
and used for 3 days after being made, but after longer periods of storage they may produce 


soft clots which tend to fragment easily. 


E. R. Squibb and Sons kindly furnished the fraction 1 of human plasma used in this study. 


154 


CLURE, 


MURPHY: 


animals developed a rich bed of col- 
laterals which supplied, within 24 hours 
after the femoral artery was clotted, a 
total blood flow equal to that before 
operation. In this group, plethysmog- 
raphy was performed on the 3rd and 
5th postoperative days to determine 
whether there was any diminution in 
flow. There was no decrease in flow in 
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any of the 5 animals; in fact, there was 
a slight increase in 2 of them. 
Experiment 2. Since blood flow re- 
turned to normal so rapidly after the 
formation of clots in the femoral artery 
in Experiment 1, it was decided to re- 
peat the same experiment after ligat- 
ing the main vessels which supply 
collateral circulation to the hind limb. 


9 
Fic. 2.—A diodrast arteriogram made one month after a clot was produced in the femoral 


artery. 


Fic. 1.—A clot in an arterial segment 24 hours after production 
on 
of 
4 
® 
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All measurements were made by means of the venous occlusion air plethysmograph. 
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TABLE 1. EXTREMITY BLOOD FLOW IN DOGS IN THE PRESENCE OF 
OBSTRUCTIVE ARTERIAL CLOTS* 
Postoperative Flow 
Dog Ser Preoperative 
Vo. Weight Flow (Average) Immediate 24 Hours 3 Days 5 Days 
lb (cc.) (cc.) ec.) (cc.) 
A. in Femorat 
M 20 10.2 4 7.9 14 16.7 
) 20 938 12 6 16.6 16 2 
6 30 14.7 3.1 15 25 
r M 22 12.5 +.7 9.5 11.1 10 
M 382 1.5 8.7 9 10 
B. iw Femorau ArtTeRY, AND COLLATERAL VESSELS LIGATED 
10 F 30 10 8.2 14.6 
13 40 13.9 85 13.4 
14 F 27 14.7 7.9 17 
16 M 2% 13.2 3.9 5.7 16 
C. Cror in AND SAPHENOUS ARTERIES, 
AND COLLATERAL VESSELS LIGATED 

17 F $1 10.8 5 
36 M 28 11.6 10.2 
S8Lt1 M 24 12.5 21 
38R M 24 11 20 

+] M 30 8.5 16 

+4 32 10 11 


Blood flows 


are expressed as cubic centimeters per 100 cc. of leg tissue per minute. 


No seal was obtained on the plethysmograph. 
flow had reached 9.4 cc. 
pressure due to an overdose of anesthetic. 

Both hind legs of Dog No. 38 Were used, 


apart 
This was carried out on 4 dogs. In 
each, the abdomen was entered and 


the deep circumflex iliac artery, which 
arises from the aorta, the common 
hypogastric, and the epigastro- puden- 
dal trunk, which gives rise to the deep 
femoral, were ligated and divided on 
the right side. 

A period of 1 to 2 weeks was allowed 
for the animals to recover from the 
operation before pre-clotting blood 
lows were measured. Clots were pro- 
duced in the femoral arteries as des- 
cribed in Experiment 1. Postoperative 
studies were made immediately after 
the procedure, and 24 hours later 
Table 1B). It can be seen that ligation 
of the collateral vessels before clots 
were produced in the femoral artery 
had little effect on the time required 


Dog No. 6 was kept in the plethysmograph for 8 hours postoperatively, 


at which time the blood 


The dog was removed from the plethysmograph because of a fall in blood 


but the experiments were done approximately 1 month 


for the blood flow to return to normal. 

Experiment 3. Because of the un- 
successful attempts in Experiments 1 
and 2 to embarrass for an appreciable 
length of time the blood supply to 
the dog’s hind leg by occluding the 
femoral artery, it was decided to place 
the clots in the popliteal artery. Four 
dogs were prepared by ligating and 
dividing the deep circumflex iliac, the 
hypogastric, and the epigastro-puden- 
dal arteries on the right side as des- 
cribed Experiment 2. After allow- 
ing 2 or more weeks for the animals 
to recover completely from the opera- 
tion, pre-clotting blood flows were 
measured. Fibrin clots were then 
formed in each vessel, 1 to 2 cm. on 
each side of the bifurcation of the 
femoral artery into the popliteal and 
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saphenous arteries, just above the knee. 
In the process of isolating these ves 
the application of 


always 


sels to. bulldog 


clamps was necessary to 
ligate several small muscular branches. 


Table  1¢ blood 


data before and after operation in this 


summarizes flow 
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DOW 


that ob 
structing the main arterial channels to 


group. Again it is obvious 


the hind limb, even at the origin of 
the popliteal artery, reduces the limb 
blood flow for a period of less than 24 
and results no 


hours permanent 


damage. 


Fic. 3 


Preoperative plethysmographic blood flow pattern. The short tracing at top left 


was obtained with the limb resting in the airtight boot. b, Blood flow pattern in the same dog 
24 hours postoperatively. Note the marked damping of the waves produced by the clot. The 


total blood flow is greater, however, than the preoperative value. 
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In only | dog of this group, No. 17, 


was there a temporary reduction in 


flow postoperatively. Consequently, 
this animal was studied on the 3rd and 
ith postoperative days. The flows on 
these davs were 7.1 and 11.2 cc., re- 
Spec tively 

In 2 animals of this group, the blood 


flows 24 hours after clotting were con- 


siderably above — the preoperative 
values 
Figs. 3a and 3b show the flow pat- 


terns of dog No. 41; these patterns are 
typical in form of all the others. The 
preoperative wave pattern is charac- 
terized by rapid increases in volume in 

steplike fashion with each pulse 
atter 
the main artery the large waves of the 


wave. However, obstruction of 


flow curve are practically abolished 
ind the tracing makes a steadier and 
nore uniform rise as the limb fills 


through collateral channels. 
Discussion. striking contrast to 
the sequence of reactions in the human 
limb caused by an embolus or sudden 
clusion of the femoral or popliteal 
tery, the formation of fibrin clot in 
corresponding portions of the arterial 
tree in the dog, even after major col- 
iteral channels had been ligated, re- 
ulted in only a temporary diminution 
i blood flow to the leg, lasting usually 
longer than 24 hours. 
There are 2 possible explanations for 
this phenomenon: (1) In producing the 
lots in all of the animals used in these 
\periments, the femoral arteries were 
iobilized and lifted from the vascular 
heaths so that clamps could be ap- 
lied. In freeing the arteries from the 
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vascular sheaths, it is possible that 
sensory nerves were interrupted. (2) If 
the sensory nerves of the clotted seg- 
ment were not damaged appreciably, 
and it is felt that they were not, this be- 
havior may mean that reflex vasospasm 
after an arterial insult in the dog is 
not of the same order of magnitude as 
that found in the human subject, and 
that the potential collateral vessels are 
comparatively larger, and have larger 


and more numerous communications 
than in the human. 
Summary and Conclusions. The 


work reported here was carried out in 
an effort to study reflex 
caused by obstructed arterial seg- 
ments. A method for the uniformly- 
controlled production of intra-arterial 
clots in the dog is described. 

Blood the 
dogs hind leg before and after ob- 
struction of the femoral or popliteal 
and saphenous with clots 
showed that the circulation returned 
to normal value 24 hours after opera- 


\ asospasm 


flow measurements in 


arteries 


tion. The measurements were made by 
the 
plethysmograph. 


means of venous occlusion air 

Intra-abdominal ligation and division 
of the main collateral vessels to the 
hind limb did not affect the blood flow 
before or after the production of clots 
in the femoral artery alone, or at the 
junction of the femoral, saphenous, and 
popliteal arteries. 

The dog was found to be an un- 
suitable experimental animal for work 
on this problem using this particular 
technique. 


The authors wish to express their appreciation to Mr. Richmond Waits for valuable technical 


sistance 
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that the 
adrenocortical hormones may_partici- 
pate in the production of the edema 
of cardiac decompensation by reason 
of their well known effects on mineral 
and water metabolism? Parrish?° 
reported an increase in biologically ac- 
tive glycogenic corticoids in the pooled 
urine of 10 patients with congestive 
heart failure but added that a urinary 
extract of only 4 of them prolonged 
the survival time of adrenalectomized 
Deming and Luetscher’ stated 
that the urine of similar patients with 
congestive failure and nephrosis con- 
tained a greater amount of sodium-re- 
taining factor than was present in the 
urine of nonedematous controls. 

In a previous communication", two 
us reported low urinary 11-oxyster- 
oids and 17-ketosteroids in 20 cases of 
ardiac decompensation. The formalde- 
hydogenic corticoids were determined 
by the method of Daughaday and 

' Jaffe’ and the 17-ketosteroids by the 
nethod of Holtorff and Koch". These 
‘ata, together with information sub- 


Ir has been suggested 


rats. 
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sequently collected in several additional 
patients, are summarized in Table 1 
and diagrammed in Figs. 1, 2, and 3. 
The cardiac status of the 11 patients 
selected for further adrenocortical 
evalution is also listed in this table, be- 
ing classified as mild (little fluid re- 
tention and few symptoms), moderate 
(considerable water retention and 
severe symptoms which responded well 
to bed rest, digitalis, and mercurial 
diuretics ), and severe (similar to mod- 
erate, but responding poorly to ther- 
apy). F.H., who exhibited severe de- 
compensation of comparatively recent 
onset, but who was refractory to spe- 
cific therapy, was studied partially at 
4 and 9 months and more completely 
at 6 and 11 months following onset of 
symptoms. 

Methods and Results. In order to 
evaluate the ability of the adrenal cor- 
tex of these patients to respond to 
stress, insulin tolerance tests were per- 
formed® and the 4-hour percentage 
drop in circulating eosinophils noted": 
2° (Table 1). Increased insulin sensi- 


* This study was made possible through the generosity of Schering Corporation. 
| Schering Fellow in Endocrinology, 1949-51. 
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tivity was observed in several patients 
whose initial onset of congestive fail- 
ure was longer than 6 months, and most 
showed poglycemic unre sponsive- 
ness as evidenced by a prolongation of 
the period of hypoglycemia with fail- 
ure of the blood sugar to return to fast- 
ing levels by 90 to 120 minutes, as 
(Fig. 4). F.H. 
exhibited a normal insulin tolerance 
curve at 6 months (Fig. 4, F.H. 1) but 


S.1S 


occurs in normals 


increased insulin sensitivity and hypo- 


glycemic unresponsiveness when the 
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test was repeated at 11 months (Fig. 

F.H. 2 

In spite of the prolonged lowering 
of the blood sugar, usually sufficient 
to give a normal fall of eosinophils, the 
response of the eosinophils was below 
normal in 6 of 9 patients, and dimin 
ished and normal in 2 tests done at 
different times in the lOth. (Table 1 
The remaining patient had a low fast 
ing count, so that the 4-hour change 
was unreliable. 

Two patients, H.T. and F.H., wer 
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ADRENOCORTICAL 


FUNCTION IN CARDIAC DECOMPENSATION 


URINARY 


Mercurial diuresis 
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osteroids 


hours 
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ration of symptoms 
over 6 month: 
» Jue 10 hyf alycern ymptor 
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O 30 60 90 120 
TIME MINUTES — 
Fic. 4.—Insulin tolerance tests in cardiac dec ompensation, 
OXY- AND 17-KETOSTEROIDS IN 23 PATIENTS IN CARDIAC DECOMPENSATION 
Duration of Status of c 
Symptoms Decompen fall of Urine Volume 
Etioloey in wears sation Eosino. cc./24 houra mg./24 hours 9 
Rheumatic 10 Mild SS 140 0.7 13 
Rheumatic 4 Severe 22 0.2 2 
6 Severe 2027 1.4* 
ASHD 1200) 0 
) 0.5 3 
ASHD 620 0.3 { 
Rheumatic 150 0.2 
ASHD 0) 03 2 
Sy philitic 6 
ASHD 2-1/2 5 0.4 2 
Congenital 2 Severe 30 ar?0 0.12 3 
Rheumatic 2 Moderate 37 1055 5 
HCVD 2 Moderate 37 600 0.4 2 
ASHD 2 Mild 69 1130 06 5 
ASHD 1.3 1 
ASHD Mild 0.5 2 
ASHD 1/2 Moderate 0 04 
Rheumatie 1/3 0.5 
Rheumatic 1/3 1120 0.85 
Rheumatic 1/3 1300 0.3 6 
HCVD 1/12 Moderate 59 1680 0.8 3 
Rheumatic 1/3 2295 1.6 1 
1/2 Severe 31 1150 O85 3 
3/4 1010 02 
11/12 59 
CCP—Chronic constrictive pericarditis 
ASHD— Arteriosclerotic heart disease 
HCVD— Hypertensive cardiovascular disease 
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tively (Pig. 3). 
ministered at 
the daily 
steroid, 


7 and 8 day a 
Mercurials 


given respec- 
were ad- 
and 


17-keto- 


deter- 


various intervals, 


urinary volumes, 


and corticoid levels 


mined. 
Louis, on ad 


Conn, and Johnston* 


ministration of ACTH to 2 normal in- 
dividuals, that a of 26 


mg. d: ily produce a two- fold increase 


found dosage 


in daily formaldehvdogenic corticoid 
excretion and increases ranging from 
T H.T 


Fasting 20044 
Eosinophiles i004 


per cm 
| all i | 


24uHrs 
| 


50-4 


1\OOOMI 


ACTH 
Mam 24 Hrs 

2 
Thiomerin 


2 


A > 


Phe CTH 


1l-oxvsteroid, 


Fic: 5 influence of and 


ste roid, 


17-ketosteroid excre- 
daily occa- 
1 fold and 2 
the daily 


in daily 
A dosage of 


15 to SO% 
tion. 
sioned increases of 
to 4 fold, 
excretion of these 2 steroids. McIntosh 
et al.’® report results similar to Conn 
and coworkers on administration of 50 
mg. of ACTH to a normal individual. 
Mason!’ obtained varying 
from 2 to 6 fold in corticoid excretion 
and 20 to 100% in ketosteroid excretion 
after giving 70 mg. of ACTH to 2 pa- 
tients with rheumatoid arthritis. 

F.H.., daily 


50 mg. of showed an increase 


50 mg. 
3 to 
in 


increases 


on receiving a dose of 


ACTH, 
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merc urial 


DURANT: 


50% 
but no increase in corticoid excretion 


in ketosteroid excretion of 7 to 


was obtained until a mercurial diuretic 
H.T., who 


had an extremely low control corticoid 


was administered ( Fig. 


value, showed a definite percentage in 
crease in the excretion of both steroids 


In neither case were the absolute 
values per 24 hours of these steroids 
at all comparable to those obtained 


CTH ad 


diuresis 


in normal individuals after 


ministration, until mercurial 


Ww A\/ 


diuretic administration on urinary 17-ket 


and volume excretion in cardiac decompensation 


eosinophils fell normally in both pa 


occurred (Fig. 5) circulating 


tients 4 hours after the administratio 
of 25 mg. of ACTH. 

The possible influence of renal fun 
tion on the level of urinary cortic 


hormones was investigated in 3 pi 
tients with congestive 
2 nonedematous individuals with no 
2 | t lividual th 

mal cardiac function (Fig. 6). Urina: 


corticoids and 17-ketosteroids were d 


heart failure an 


termined 24 hours previous to, and 
the intramuscular a 
ministration of a mercurial diuretic 
ce. In all patients, tl 


hours following, 


of thiomerin ). 
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uuitpouring of urinary corticoids after 
the diuretic was marked and was, in 
fact, greater proportionately than the 
water diuresis. The nonedematous con- 
trols, however, showed relatively little 
change. These results are in agreement 
with the work of Lloyd and Lobotsky"*, 
who found no change in corticoid 
excretion with diuresis in normal in- 
dividuals unless urine volumes of 5.,- 
000 to 7.000 cc. were obtained by ex- 
treme hydration, in which instances 
the corticoid excretion was doubled. 
fhey found, on the other hand, a corti- 
coid increase out of proportion to the 
increment in urine volume during mod- 
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-Ketosteroids 
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diuresis but is 5 times as great as other 
levels, whereas the urine volume is 
only 3 times as large. 

Discussion. In this clinic, 11-oxyster- 
oids in 25 of 31 urine samples collected 
from 21 normal humans without endo- 
crine disease ranged from 0.9 to 2.0 
mg./24 hours; of the 6 outside this 
range, 3 had values of 0.8, 2 of 2.2, and 
1 of 2.4 mg./24 hours. Twenty of 23 
cardiac patients (Table 1) had levels 
below 0.9 mg., and 17 were below 0.8 
mg. Fourteen of the 15 patients who 
had had symptoms longer than one year 
showed values below 0.9 mg., and 13 
were below 0.8 mg. The one value in 


IN 
IN EDEMATOUS 
ONTROLS 
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Mgm /24 Hrs 
rine volume 


2cc 
Thiomerin 


| 
900 MI /24 Hrs al all 
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i. 6.—The influence of mercurial diuresis on urinary 17-ketosteroid, 11-oxysteroid and vol- 


ne excretion. A, 4th day of mercurial diuresis. 


B, 8th day of no mercurial. C, 12th day of 


consecutive daily mercurial therapy. 


rate diuresis in edematous cirrhotics. 
In a fourth patient, 11 -oxysteroid 
nd 17-ketosteroid excretions were de- 


+ 


ermined during 3 different periods in 
the clinical course: a) during a period 
f mercurial diuresis, b) 8 days after 
he cessation of mercurial diuresis when 
eaccumulation of fluid had occurred, 
nd c) after 12 days of daily mercurial 
herapy when little water retention or 
iuresis was evident. It is apparent 
Fig. 6) that the largest excretion of 
irticoids is coincident with maximum 


this group that was within normal 
range was obtained during mercurial 
diuresis. 

F.H. (Table 1) exhibited a progres- 
sive decrease in 1l-oxysteroid levels 
determined at periods of 4, 6, and 9 
months after onset of her decompensa- 
tion. Fig. 1, likewise, suggests that pa- 
tients with sy mptoms of long-standing 
decompensation tend to have lower 
ll-oxysteroid excretion than those of 
comparatively recent onset. W.R., ].M., 
H.S., D.M., and M.J. exhibited mini- 
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mal fluid retention at the time of study 
but still excreted subnormal amounts 
of corticoids. 

Normal 17-keto- 


steroids in this laboratory range from 


levels of urinary 
7 to 20 mg./24 hours for males, and 
5 to 15 mg./24 hours for females. Figs. 
2 and 3 demonstrate the depression of 
17-ketosteroid excretion found in most 
of these patients. Whether or not a 
relationship exists between the urinary 
levels and the duration of decompen- 
sation is not clear from these data. 
The abnorma!!y low levels of urinary 
hormones found in these patients may 
be due te decreased hormonal produc- 
tion from adrenal cortical insufficiency, 
to decreased hormonal excretion sec- 
ondary to renal retention, or to a com- 
bination of both They 
may also result from the unlikely pos- 


sibility of increased tissue utilization. 


these factors. 


The increased effect of insulin on the 
blood sugars of subjects decompen- 
sated longer than 6 months, the im- 
paired eosinophil responses to hypo- 
glycemic stress of the majority, and 
the low urinary corticoid values ob- 
tained in 5 patients who had minimal 
fluid retention all suggest some adreno- 
cortical hypofunction. On the other 
hand, the substantially 
oxysteroid 


increased 11- 
' associated with 
mercurial diuresis indicates corticoid 
retention. The small rise of urinary 11- 
oxvsteroids after the administration of 
ACTH to 2 patients (Fig. 5) until 
diuresis had occurred is compatible 
with either poor adrenal response or 
failure of excretion of the products of 
adrenal stimulation. The normal eosino- 
phil decline with ACTH does, however. 
indicate some cortical responsiveness. 
On the other hand, in case F.H., some 
unresponsiveness of the adrenal cortex 
to ACTH seems likely, since the urinarv 
corticoid increase after ACTH and mer- 
curial diuretic was of the same order 
of magnitude as that obtained by mer- 


excretion 


curial alone (Figs. 5 and 6.). The dis- 
parity between urine volumes and cor- 
ticoid levels in patients H.T. and F.H 
after diuresis may signify a somewhat 
different mechanism of excretion of cor 
ticoids from that of water. This is also 
suggested by the lack of good correla 
tion between urine volumes and cor 
ticoid these 


levels in patients as a 


group; the coefficient of correlation (r 


for these 2 variables was found to be 
+5035. that is, fhe correlation was 
poor. significant correlation was 


found to exist between urine volume 
and ketosteroid excretion in the male 
cardiacs (r +.9246) but not in the 
case of the female cardiacs (r 

5496). The small 


each group may perhaps explain this 


number of cases in 


discrepancy. Further investigation of 
corticoid excretion is now in progress 

According to Olsen and Nuetzel'® 
patients with collagen, neoplastic 
hepatic, and infectious diseases show in 
sulin resistance, implving that the ad 
renal cortex is responding to stress with 
increased activity. The present studies 
suggest that in long-standing cardia 
decompensation, the adrenal cortex is 
relatively refractory to stimulation and 
becomes progressively more so wit! 
increasing duration of the decompen 
the 


tendency toward lowered corticoid ex 


sation as evidenced by increased 
cretion, insulin sensitivity and impaired 

The 
that corticoid re 
tention at the renal level may lead t 
the 
which in turn depresses the endogé 
ACTH. 


howev eT, 


eosinophil responses. possibility 


must be considered 
within 


accumulation organism 


production of Borstei! 
Trewhella?, have re 
cently reported that the reverse is tru 


nous 


and 


in acute decompensation. They foun 
increased ACTH activity, assaved bic 
logically, in the plasma of 6 acutel 
decompensated patients, with return t 
normal values following control of tl 
decompensation. The adrenocortical in 
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sufficiency suggested by our findings in 
chronic decompensation may conceiv- 
ably be on the basis of exhaustion after 
repeated adrenal stimulation early in 
the decompensation. 

The changes in 17-ketosteroid 
cretion are even more difficult to in- 
terpret from our data. The urinary re- 
sponse to ACTH was below the ex- 
pected, although the amounts of hor- 
mone given may have been too small, 
and diuresis did not consistently in- 
crease the levels of 17-ketosteroids. The 
reports in the literature on this subject 
are, likewise, contradictory. McHenry 
et al2® found a correlation between 
urinary volume 17-ketosteroid 
values in normal humans. Pincus?!, on 
the other hand, was unable to obtain 
significant increase during diuresis 
in one subject studied. DeKoning et al. 
and Kimeldorf!? found no correlation 
between daily urine volume fluctua- 
tions and 17-ketosteroid excretion in 
rabbits, but Danford and Danford?, 
also using rabbits, were able to obtain 

significant increase during diuresis. 

The findings in this study suggest- 
ing adrenocortical hy pofunction in 
chronic congestive failure mi iv be of 
interest in relation to the pre sent dis- 
igreement concerning the mechanism 
of salt retention in mvocardial insuf- 
ficiency. One group of investigators be- 
lieves that the positive salt balance 
characteristically observed cases of 
congestive failure is the result of an 
increased avidity of the renal tubules 
for salt because of hormonal stimula- 
tion. It is assumed by them that an 
insufficient circulation is a_ stressful 
stimulus and that the pituitary—adrenal 
nechanism is activated thereby. Pre- 
vious reports of increased urinary corti- 
coid excretion and of sweat secretion 
‘indings compatible with increased ad- 
enocortical function have been used 
‘Ss supporting evidence. 
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The other school of thought, whose 
arguments are well summarized in a 
recent review by Stead**, has claimed 
that the important factor in the reduced 
salt clearance is the marked drop in 
renal blood flow and glomerular filtra- 
tion rate which result from the reduced 
output of the failing heart. An impor- 
tant consequence of the fall in filtration 
rate is a decrease in the amount of 
sodium chloride presented to the tu- 
bules. The latter reabsorb nearly all 
of the filtered salt, but the absolute 
amount filtered is so small that the 
amount reabsorbed (not the percent- 
age) is considerably less than in the 
normal subject. No alteration of endo- 
crine function would be essential in 
this mechanistic theory. 

Our findings do not support the con- 
tention of the former group that in- 
creased adrenocortical activity is found 
in cardiac decompensation. On the con- 
trary, our evidence strongly suggests 
decreased adrenocortical — function. 
It is admitted that we did not study 
salt metabolism directly, and further, 
that adrenocortical hyperactivity may 
be present early in the course of the 
disease, but it would appear that, after 
congestive failure has been present for 
some period of time, cortical hyper- 
activity cannot explain the salt re- 
tention and the attendant increase in 
extracellular fluid volume. 

Whether the progressive decline in 
adrenocortical function in late cases 
of myocardial insufficiency has any 
bearing on the de ‘velopment of mer- 
curial resistance and on the persistence 
of edema in some cases, despite low 
sodium blood levels, cannot be deter- 
mined from the data presented. If the 
pattern of interaction of cortical and 
posterior pituitary hormones postulated 
by Gaunt et al.'° is considered in this 
connection, it mav be that the hypo- 
activity of the adrenal cortex favors 
edema formation because of the pre- 
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ponderance of antidiuretic material, 
presumably antidiuretic hormone 
(ADH), as a result of the unbalanced 
adrenocortical-ADH relationship. It 
may also be that the further reduction 
of renal plasma flow and glomerular 
filtration rate beyond that incident to 
reduced cardiac output may be due to 
the glandular insufficiency. Finally, 
Gaunt et al. have suggested that cor- 
tical hormones may in some instances 
and under certain conditions inhibit. 
and in some stimulate, the reabsorp- 
tion of sodium chloride, thus adding 
considerable complexity to any attempt 
at an analysis of glandular relation- 
ships in this disease. It is obvious that 
much further work needs to be done 
along these lines before clarification is 
possible. 

Summary and Conclusions. 1. Uri- 
nary ll-oxysteroid and 17-ketosteroid 
excretion levels were appreciably lower 
than normal in the majority of 23 pa- 
tients with congestive failure. The few 
normal levels occurred in those with 
decompensation of recent onset. These 
findings may be due to decreased hor- 
monal excretion, decreased hormonal 
production, or a combination of both. 

2. In edematous patients, mercurial 
diuresis causes an increase in excretion 
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ACTH AND CORTISONE IN RHINOLARYNGOLOGY 


By 


drugs that 
all physicians, regardless of 
their specialized interests. Despite this, 
surprisingly little has thus far appeared 
in the medical literature with respect 
to the rhinolarvngologic of these 
agents in the laboratory and in clinical 
practice. Presumably, the dearth of 
published communications can be ex- 
plained partly by lack of availability 
of ample supplies of ACTH and corti- 
sone for research purposes 
therapeutic agents. 

Tissue changes in the upper respira- 
tory tract during pituitary adrenocor- 
ticotropic apy have been 
studied by Bordley! in 47 patients with 
allergic 400 
examinations were made on this group. 
Nasal polyps were removed from 5 
patients for examination, while naso- 
pharyngeal lymphoid tissue was_ re- 
moved from 16 patients. A total of 47 
biopsies was performed at varying in- 
tervals during treatment. Routine study 
included palpation of cervical lvmph 
nodes; inspection of mouth, tongue, 
and throat; and transillumination and 
roentgenoscopy of the paranasal sin- 
uses. It was observed that during 
ACTH therapy the nasal mucous mem- 
468 ) 


AcrH and cortisone 


intrigue 


are 


use 


and 


as 


diseases. 


Noau D. F 
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branes. shrink, develop a_ slate-pink 
color. and are covered with a_ thin 
laver of clear mucus. Polvps become 


opaque and pink and begin to shrink 
disappearing completely in in- 
Such appear to 
correlated with the initial eosinopenia 


stances. changes he 
developing with pituitary adrenocorti- 


The ni 


becomes 


cotropic hormone therapy. iSO- 
pharyngeal lymphoid _ tissue 
cle arly distinct 
structures, developing an orange-pink 
Discharge up 
and the crypts become more prominent 
Within a few after discontinua- 
tion of treatment, the nasal 

membrane its dusky 
and the lvmphoid tissue returns to its 
former state. Nasal polyps return in 


from 2 weeks to 2 


from its surrounding 


color. around clears 
davs 
mucous 


loses appearance 


months. Cortisone 
has much the same effect on the tis 
sues of the tract 
ACTH. Nasal sprays of cortisone result 


respiratory as does 


in a slow but definite regression of 
nasal polyps. 
Thorn™ and his associates treated : 


patient with severe, pe rsistent allergic 
rhinitis, of 2 vears’ duration, wit! 
ACTH, employing 10 to 12 mg. of the 
medicament every 6 hours for 10 days 
Previously antihistaminic drugs an 
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hyposensitization had been but slight- 
ly effective. Improvement in nasal 
pate ney and nasal rhinorrhea was de- 
tected within 24 hours following the 
initial use of ACTH. Signs and symp- 
toms of allergic rhinitis disappeared 
within 96 hours. Randolph and Rollins" 
observed striking amelioration of rag- 
weed hay fever symptoms in 4 patients 
and comple te protection for the re- 
mainder of the hay fever season in 3 
of the patients after employment of 
ACTH. It has been noted that patients 
receiving ACTH and cortisone were 
more susceptible to the common cold 
while taking the hormones’. 

Samter’s'' experience with ACTH 
and cortisone in allergic and inflam- 
matory disease of the upper respiratory 
tract is based on fairly extensive studies 
of patients afflicted with seasonal and 
perennial rhinitis, bronchial asthma, 
emphysema, and pulmonary fibrosis. 
\s in rheumatoid arthritis and lupus 
erythematosus, ACTH and _ cortisone 
act on the shock tissue of the allergic 
person in an often spectacular manner: 
attacks of bronchial asthma subside 
and atopic dermatitis clears rapidly. 
\dministration of either hormone in 
large dosage causes a depression of 
glandular function; a high blood level 
depresses production and release of the 
endogenous hormone and_ establishes 
a true hypoplasia of the glandular 
tissue. Hypoplasia, in turn, will result 
in a relative deficiency of the hormone 
after withdrawal of the exogenous 
supply and, in clinical terms, establish 
a recurrence of symptoms which fre- 
que ntly surpass the pi atient’s pre-treat- 
ment distress. Moreover, adrenal cor- 
ticosteroids inhibit physiologic _ re- 
sponse to infection. Cortisone prevents 
granulation, slowing the healing of 
wounds and endangering the normal 
leukocytic response. The organism con- 
sequently becomes vulnerable to in- 
fection, a fact which has caused many 


clinicians to administer antibiotics 
simultaneously with ACTH and corti- 
sone. Samter finds the end-results of 
prolonged treatment with ACTH and 
cortisone disappointing. He believes 
the otolaryngologist should resist the 
temptation to use these hormones for 
any condition that responds to conserv- 
ative management. 

Hahn® and his associates studied 174 
patients with acute streptococcic ton- 
sillitis and pharyngitis to determine the 
effect of cortisone on the disease and 
on the subsequent incidence of rheu- 
matic fever. The patients were divided 
into treated and control groups. Two 
treatment schedules were employed. 
Seventeen patients received a total of 
500 mg. of cortisone intramuscularly 
in 50-mg. doses, while 70 patients were 
given a total of 600 mg. in 100-mg. 
doses. Patients in the control group 
received injections of 0.85% sodium 
chloride. With the exception of co- 
deine, which was prescribed for the 
relief of severe headache, no anti- 
pyretics or other medicaments were 
given. Patients were examined daily 
through the sixth day of illness by 
one member of the staff who had no 
knowledge of the type of treatment 
administered. Cortisone therapy had 
no effect on symptoms or physical 
signs of this infection. Patients who 
received cortisone had fever for a 
longer period than the control patients. 
Suppurative complications developed 
in 1 of the treated patients and in 3 
of the control subjects. Rheumatic 
fever was diagnosed in 2 treated pa- 
tients and in 5 control subjects. The 
increase in the antistreptolysin titer 
was somewhat less in the serums of the 
treated group than in the control pa- 
tients 1 week after the onset of infec- 
tion, but at 2, 3 and 4 weeks the 
formation of antibody was. slightly 
greater in treated than in control pa- 
tients. 
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In general, patients suffering from 
streptococcic 
the respiratory 


intections of 
tract frequently de- 
velop a variety of disorders as a com- 
plication of their illness. Skin mani- 
testations, polyarthritis, involvement 
of the heart and its structures, 
sistent 


hemolytic 


per- 
toxicity, and 
nephritis may develop in from 3 to 30 
days atter the respiratory infection 
begins. In approximately 90% of such 
respiratory tract disorder 
supervenes which cannot be explained 
on the 


fever, general 


illnesses. a 


reaction of 
the primary inflammatory site or as a 
result of invasion of remote tissues by 
the hemolytic 


basis of increased 


The 
complic ating nonsuppuri ative se que ‘lae 


stre ptococcus. 


of hemolytic streptococcus disease have 
been referred to as the poststreptococ- 
cic state. suggested that 
the poststreptococcic state not 
as the result of the primary etiologic 
agent per se, but rather as a more 
complex mechanism by which the pa- 


It has been 


occurs 


tient’s tissues have been sensitized to 
some fraction or product of the hemo- 
lvtic streptococcus, probably as a_re- 
sult ot pre vious exposure to the organ- 
ism. 
Doerner* and his associates present 
demonstrating the classical fea- 
tures of the poststreptococcic state and 
emphasize the efficacy of cortisone in 
the treatment of this condition. The 
case reported describes the develop- 
ment in a young white woman of a 
tvpical hemolytic streptococcus infec- 
tion of the throat. Despite early and 
adequate antibiotic therapy, she con- 
tinued to manifest prolonged unremit- 
ting fever. 


a Case 


Subsequent complications 
included a scarlatiniform rash, transient 
arthritis of the knee and ankle, a mitral 
systolic murmur, a transient pericardial 
rub, left lower lobe pneumonia and 
pleural effusion, anemia, leukocytosis 
with pronounced neutrophilia, progres- 


sive generalized toxicity, and extreme 
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debility. As the patient failed to re- 
spond satisfactorily 
biotics, 


anti- 
sup- 


to spec ific 
general 
portive measures, cortisone was admin- 
istered. This was immediately followed 
by the rapid disappearance of all of 
the features of the 
state. 


salicylates, and 


poststre ptococcic 


An attempt was made by Freeman® 


to evaluate the action of cortisone on 
laryngeal edema secondary to a course 
of protracted fractional irradiation for 
carcinoma of the larynx. A_ striking 
response resulted, inasmuch as within 
11 hours the edema diminished notice 
ably and within 4 days the edema was 


minimal. No 


antibiotic or 
had been 
\ second patient with larvngeal 


edema _ of 


considered 
chemotherapeutic agents 
given. 
similar 


like 


results. 


was 
with equally 
Cortisone 


pathogenesis 
treated in fashion, 
impressive was also 
administered to 4 patients with sub- 
glottic edema. 
laryngoscopy 


diffic ulty. The 


indirect 
was performed without 
subglottic 


In 2 patients, 


edema dim- 


inished markedly in both patients 
within 12 to 24 hours. Although laryn- 
goscopic examination was not. at- 


tempted in the remaining 2 patients. 
clinical improvement was detected 
within 12 hours. All 4 patients received 
antibiotics and steam inhalations prior 
to and during administration of corti- 
sone. patient with 
secondary to a 
was also given 


supraglottic 
edema foreign body 
and within 
12 hours inspection of the larynx re- 
vealed pronounced diminution of the 
edema. Prior to cortisone medication. 
antibiotics had been 


period 


cortisone, 


administered for 
without notice- 
All of the patients were 
hospitalized because of the threat of 
impending asphyxia. In all patients but 


36 hours, 
able response. 


one, cortisone was given orally full 
dosage. Toxic effects due to fluid 
tention were observed in 1 patient 


following prolonged administration of 
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cortisone. This was satisfactorily con- 
trolled by administration of diuretics. 

Nebulized cortisone was employed 
by Reeder and Mackey" in treating a 
60-vear-old male with type VII pneu- 
moccic A total of 25 mg. 
was diluted with 4 cc. of 
isotonic sodium chloride solution, and 
| ce. of the mixture was given as an 
aerosol every half hour for 33 hours. 
This was followed by the administra- 
tion of aureomvycin for a period of 9 
days. Rapid subjective improvement 
a drop in temperature resulted 
from the administration of cortisone. 
The pulmonary disease process was 
apparently unaffected. Although the 
reaction of the host to the disease was 
influenced, the 
agent was not influenced. 


pe umonia. 


of cortisone 


and 


bacterial 
Inhalation of 
cortisone appeared to be as effective 
as parenteral administration. Inhalation 


favorably 


of cortisone in the dilution emploved 
does not appear irritating to trachea 
or bronchi. 

Observations on the effect of ACTH 
and cortisone on bronchial asthma and 
hav fever their 
entities. 
and Herschfus!?, 


usefulness in 
According to 
the goal of all 
in the patient with serious 
bronchial asthma is the production of 
ACTH  appar- 
ently offers a way to cause a remission 
than many other 
regimens. However, im- 
provement with ACTH may frequently 
be maintained but for a short period; 
prolonged administration is not feas- 
ible; there is some evidence that in 
relapse the symptoms of some types 
of hypersensitivity. may recur with 
greater than before: and 

peated stimulation of the hypothal- 
amus—pituitarv—adrenal axis may not 
be desirable. To what extent undesir- 
‘ble physiologic and toxic effects fol- 
lowing in the wake of ACTH and cor- 
tisone therapy will limit their useful- 


indicate 
these disease 


Segal 
therapy 


a prolonged remission. 


more consistently 


therapeutic 


severity 


ness in the management of the more 
chronic allergic disorders remains to 
be revealed. 


In their study, Segal and Herschfus 


administered 27 courses of ACTH 
therapy to 20 patients with severe 


chronic bronchial asthma over a period 
of 8 months. There were 14 females 
and 6 males, all seriously ill with a 
wide variety of associated and related 
defects, including hay fever, nasal 
polyps, sinusitis, severe bronchitis, em- 
physema, hypertension, cerebral arteri- 
and diabetes mellitus. The 
immediate therapeutic effect in the 27 


osclerosis, 


patients was summarized as follows: 
failure, fair, 4; good, and excel- 
lent, 18. The continued therapeutic 


effect was as follows: failure, 3; fair, 
8; good, 10; and excellent, 6. The 
period of remission generally was 


short. Repeated intensive courses of 
therapy were frequently required and 
appeared more effective than attempts 
at maintenance therapy. Failure to re- 
spond to the same degree was some- 
times noted at the conclusion of the 
second course of therapy. It is be- 
lieved repeat courses of therapy should 
not be employed too freely, inasmuch 
as the nature of the repeated remission 
and the effects of repeated hormonal 
overstimulation may prove hazardous. 

The effect of cortisone on 3 patients 
afflicted with hay fever and seasonal 
asthma due to ragweed pollen has been 
described by Carryer* and his associ- 
ates. The patients received 100 mg. of 
cortisone or 100 mg. of cholesterol 
crystals (as a control) daily for 4 weeks. 
Results were considered beneficial, 
each patient experiencing prompt re- 
lief. Symptoms of bronchial asthma 
were relieved more rapidly than those 
of hay fever. Only mild, transitory 
symptoms persisted after 3 days of 
treatment with cortisone. However, 
symptoms recurred shortly after cessa- 
tion of medication. Randolph and Rol- 


t 


lins® treated 5 patients afHicted with 
bronchial asthma with cortisone. In 4 
patients they made comparative studies 
of ACTH and cortisone, finding the 
latter partially effective in relieving the 
symptoms of intractable asthma, but 
in the dosage employed, less effective 
than ACTH. Both cortisone and ACTH 
caused hematologic changes. One pa- 
tient obtained no relief with cortisone 
at first but responded satisfactorily 
when Vitamin C was administered in- 
travenously. Segal and his associates, 
however, were unable to potentiate or 
prolong the effects of ACTH with 
intravenous cevitamic acid. Randolph 
and Rollins observed striking- amelior- 
ation of ragweed hay fever symptoms 
in 4 patients and complete protection 
for the remainder of the season in 3 
of the patients following the use of 


ACTH. 
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ACTH and cortisone are not substi- 
tutes for allergic management, either 
in adults or children. These drugs do 
not constitute the first line of thera- 
peutic approach in the treatment of an 
allergic patient. In an acute allergic 
emergency (immediate serum reaction 
anaphylactic shock, or acute asthma) 
the hormones do not work rapidly 
enough to save the patient's life. 
ACTH and cortisone are useful meas 
ures in svecial allergic situations, but 
thev should not be emploved as a 
short cut to a careful diagnosis and 
more rational therapv*®. Burrage* cau- 
tions that despite the dramatic tem- 
porary cessation of symptoms observed 
with ACTH in allergic diseases, one 
should not hastily conclude that the 
problem of allergy is about to be 


solved. 


Allergy, 21, 288, 1950. (10) Reeder, W. H., 
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THE L.E. CELL AND PHENOME 


By Herman 


PHILADELPHIA, 


and 
observation the basic nature of lupus 
erythematosus, especially the acute dis- 
seminated (systemic! tvpe, remains 
24 Therefore, anv 
fundamental discovery which promises 


IN spite of much conjecture* 


in enigma 


ty 


o aid in the definition of even one 


phase of this disease concept is eagerly 
received. The latest of the 
L..E. cell and phenomenon. Sulzberger 
nd Baer*! have actually declared that 
the demonstration of the L.E. cell and 
the further studies concerning this cell, 
ts causes and the mechanisms of its 
rmation, as carried out by Hargraves 
nd by 
nstitute one of the most brilliant ac- 
mplishments of dermatology”. With 
is we heartily agree although, in all 
\irness, the credit goes not only to 
rmatologists, but to internists and 
matologists as well. 
\lthough the L.E. cell has been 
own for only about 3 years, the in- 
nse interest in the phenomena of its 


these is 


Haserick and his co-workers. 


NON IN LUPUS ERYTHEMATOSUS 
BEERMAN, 


PA 


production is so great that a_ brief 
statement of the present status of our 
knowledge is in order. Previous sum- 
maries have been made by Ham- 
burger', by Touraine**, by Barnes and 
his colleagues**, by Vilanova and De 
Dalento*, by Berman and_ his col- 
leagues*, and by Haserick**. Because of 
the newness of the observations, insuffi- 
cient time has elapsed to allow a really 
critical appraisal of the significance of 
the L.E. cell and phenomenon. Al- 
though it would appear generally per- 
missible to consider this cell and phe- 
nomenon as valuable in the diagnosis 
of systemic lupus ervthematosus, the 
material will be presented in a more 
or less chronological order (cf. Ar- 
nold!»)®, 

Discovery of the L.E. Cell. In Jan- 
uary, 1948, Hargraves, Richmond. and 
Morton" presented their experience 
over 2 vears (since 1946) with 2 bone 
marrow elements: the “tart” cell and 


* A new phenomenon which may or may not be dependent on the same factor as the L. E. 
and phenomenon has been reported by Schleicher2?. This is the erythrocyte aggregation 
tor in the plasma and serum of patients wi 


th acute lupus erythematosus. 
( 473 ) 


the “L.E.” cell, which they believed 
had never been described in the liter- 
ature. Although they did not know the 
significance of their observations, they 
felt impelled to describe the involved 
cells. 


“The first cell we have called a ‘tart’ cell 
in our laboratorv. We have used the term 
for such a long period that it seems a fitting 
name to apply to it. This cell, we have found 
can occur in practically all bone marrows; 
however, it is usually present in increased 
numbers In bone marrow preparations trom 
patients suffering from a serious illness such 
as lymphoblastoma, pulmonary infection ot 
metastatic carcinoma or in cases in which the 
diagnosis is obscure. This cell usually is a 
histiocvte or a ‘monocytoid reticulo-endothe- 
lial’ cell that contains a second, characteristic 
nucleus usually placed in the Hof of th 
primary nucleus. This second nucleus nearly 
always stains reddish purple with Wright's 
stain in contrast to the dark purple nucleus 
of the histioevte. This secondary nucleus 
shows a sharp nuclear membrane and_ the 
chromatin is definitely visible in a thick struc 
tural arrangement with relatively sharp dit 
ferentiation between the chromatin and th 
parachromatin Occasionally a cell is seen in 
which there are 2 such secondary nuclei 
so that practically the entire cytoplasm is 
occupied by nuclear bodies. Except for this 
secondary nucleus the cell seems not to differ 
in appearance trom the other histiocytes 
observed in bone marrow preparations. Onc 
can see this same phenomenon occurring in 
a mature neutrophilic polymorphonuclear 
leukocyte and less commonly in an eosinophil. 

“We have the impression that this is prob- 
ably an abortive nucleus resulting from a 
previous incomplete mitotic division of the 
cell. In numerous instances we have seen 
this secondary nucleus partially outside of 
the cell and it is impossible to sav whether 
it is being extruded from the cell or is in the 
process ot being taken into the cell. The fact 
that we have seen this secondary nucleus in 
the eosinophils would argue against the lat 
ter assumption. The distinguishing feature of 
this cell, which must be emphasized here, is 
that the secondary nucleus has retained a 
definite chromatin structure. Once this cell 
has been observed it will be found, as stated 
previously, in small numbers in many bone 
marrows, 

“The second cell which we wish to pre- 
sent has been called an ‘L.E.” cell in our 
laboratory because of its frequent appearance 
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in the bone marrow in cases of acute dissem- 
inated lupus erythematosus. This cell un 
doubtedly represents a process which is going 
on in such bone marrows and is the end 
result of one of two things: either phago 
cvtosis of free nuclear material with a result 
ing round vacuole coritaining this partially 
digested and lvsed nuclear material or 
second, an actual autolysis of one or mor 
lobes of the nue leus ot the involved cell ba 
that it presents essentially the same appear 
ance as the one which has phagocytized 
nuclear material. The ‘L.E.” cell is practically 
always a mature neutrophilic polymorpho 
nuclear leukocyte in contradistinction to th 
‘tart’ cell, which is most often a histiocyte. It 
seems obvious that the chromatin material i 
within a large phagoeytic vacuole and _ all 
gradations of digestion of this material hav 
been observed. While most of these cell 
characteristically show a homogeneous, purpl 
staining mass in the vacuole, there are it 
stances in which the chromatin pattern 
still visible For this reason it is essential 
that this cell be differentiated from the ‘tart 
cell described in an earlier paragraph. Ordi 
narily this can be accomplished by findin 
numerous “L.E.” cells in which the process of 
digestion has altered the appearance of this 
chromatin material, ranging trom small smok 
remnants of ‘digested’ material to relativeh 
intact nuclei indistinguishable from the sé 
ondary nucleus of the ‘tart’ cell.” 


Thev surmised that these cells wei 
only the result of a lytic-phagocvti 
phenomenon. They did not find eithe: 
of the cells in the peripheral blood. T: 
the date of publication they found this 
phenomenon only in the bone marrow 
in certain cases of acute disseminate 
lupus ervthematosus. 

Development of Techniques for Dis- 
covery or Inducing of L.E. Cells. In 
September, 1948, Haserick and Sun 
berg'* reported the first of a numbe 
of studies emanating from the Cle\ 
land Clinic. These and a number fro 
other quarters have done much 
elucidate the significance, made of p1 
duction, and other aspects of the L 
phenomenon. Thus the phenomenon 
not only appears in bone marrow but 
in the circulating blood, clotted bloo', 
and blister fluid. 
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In their first study, Haserick and 
Sundberg!*® found the L.E. cell present 
in 4 out of 5 cases of acute lupus ery- 
thematosus but not present in 2 cases 
of subacute and 3 of chronic discoid 
lupus erythematosus, or 3 cases of 
dermatomyositis and numerous cases in 
which leukopenia was a prominent fea- 
ture. From these observations Haserick 
and Sundberg concluded that the L.E. 
cell was a valuable diagnostic aid 
acute disseminated lupus erythema- 
tosus, that these cells are found in 
largest numbers during the severe 
stages of the disease, and with diffi- 
culty during remissions, and that the 
greatest value of the L.E. cell was its 
possible presence in suspected cases of 
cute disseminated lupus erythema- 
tosus in which the usual cutaneous 
manifestations are absent. 

Sundberg and Lick** early in 1949 
reported for the first time the presence 
of “L.E.” cells in smears of the con- 
centrated leukocytic layer of venous 
blood in 3 cases of acute disseminated 
lupus erythematosus. These investi- 
gators emphasized that “L.E.” cells are 
not found with sufficient ease in the 
circulating blood to make this method 
| confirming or establishing the diag- 
nosis of acute disseminated lupus ery- 
thematosus as practical as_ that of 
xamining smears of bone marrow. 
They felt it worth while, however, to 
xamine the blood for the purpose of 
onfirming the diagnosis of acute lupus 
rythematosus in a patient who is 

xtremely ill, so as to make this the 

iethod of choice from the standpoint 
the hematologist and the patient. 

In April, 1949, Hargraves’? reported 

e production in vitro of the L.E. cell 
henomenon. He emploved normal 
ne marrow elements and blood plas- 

. from patients with acute dissem- 

ited Jupus erythematosus. He stated 

it further observations, according to 
irgraves, lend weight to the hypot- 
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hesis that Libman-Sacks disease, or 
acute lupus erythematosus, is a result 
of hypersensitivity. The L.E. phe- 
nomenon is evidently immunologic in 
nature. He predicte d that a positive 
finding in examination of smears of 
peripheral blood would have a signifi- 
cance comparable to that of a similar 
finding in examination of bone marrow. 
Klemperer, Gueft, and Lee’ in 1949 
observed hematoxylin-staining bodies 
in the heart, lymph nodes, kidney, and 
other sites (mesenchymal tissues) of 
3 cases of acute lupus ervthematosus. 
These were similar to those found i 
various manifestations of lupus enythe 
matosus previously by Gross’? i 1 1932, 
Ginzler and Fox® in 1940, and by Kle ‘m- 
perer, Pollack, and Baehr?’ in 1941. 
Re-examination of the material of 34 
cases of lupus erythematosus yielded 
the hematoxylin- stained bodies in one 
or more sites in 31 cases. Studies made 
by Klemperer’s group indicated iden- 
tity in the nature of the phagocyted 
material of “L.E.” cells with the small 
hematoxylin-stained bodies. Histochem- 
ical studies identified these bodies as 
nucleic acid. This group of investiga- 
tors believes that one of the factors in 
acute lupus erythematosus is a disturb- 
ance of nucleic acid metabolism of the 
cells of the mesenchyme manifesting 
itself in de ‘polyme rization of the des- 
oxvribose nucleic acid. 

In August of 1949 Haserick and 
Bortz'®> tried to answer the question 
of whether the L.E. cell was a primary 
cytologic alteration or was secondary 
to some change in the blood. They 
devised a method by means of which 
it is possible to induce chemotaxis of 
polvmorphonuclear leukocytes and the 
L.E. cell in bone marrow preparations 
with plasma or serum of patients 
acutely ill with disseminated lupus erv- 
thematosus. Normal plasma, hyperglob- 
ulinemic plasma from a patient with 
cirrhosis, and plasma from _ patients 


( 
) 
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with chronic discoid lupus erythema- 
tosus failed to produce the phenome- 
non. Haserick Bortz!**, using 
plasma from 14 patients with acute 
lupus erythematosus, confirmed _ this 
experience by inducing the L.E. cell 
and clumping of polymorphonuclear 
leukocytes in the bone marrow of 48 
normal patients. They also failed to 
induce this phenomenon utilizing plas- 
ma from patients with chronic discoid 
lupus erythematosus, cirrhosis, sclero- 
derma, or rheumatoid arthritis. They 
felt their data permitted the conclusion 
that: 

l. Plasma from patients with acute 
disseminated lupus erythematosus con- 
tains a substance which re gularly 
induces the L.E. cell and clumping of 
leukocytes in normal marrows. 

The L.E. cell observed in the bone 
marrow of patients with lupus erythe- 
matosus is therefore a secondary rather 
than a primary phenomenon. 

3. The L.E. plasma—normal bone 
marrow preparation is a valuable diag- 
nostic test in acute disseminated lupus 
erythematosus. 

The plasma—marrow test is an in- 
dicator of severe systemic involvement 
in lupus erythematosus. 

5. The L.E. plasma—normal bone 
marrow mixture merits consideration 
as a useful investigative tool. 

The St. Louis group (Barnes, Moffatt. 
and Weiss) have made important con- 
tributions to the developing knowledge 
of the L.E. phenomenon. In March, 
1950°*, they described a method of pro- 
ducing L.E. cells by using the plasma 
of acute lupus ervthematosus patients 
mixed with the white cells obtained by 
centrifugation of blood from normal 
pornos. In a later study these work- 
ers” simplifie their method so that 
an se al was not needed. In an 
addendum to this article the authors 
report certain unpublished work of 
Harry Agress dealing with the produc- 
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tion of the L.E. phenomenon in the 
absence of anticoagulants. He has dem- 
onstrated L.E. cells rosettes in 
abundance in fixed stained sections 
consisting of clotted sternal marrow 
elements untouched by anticoagulants 
and obtained from a patient in a mori- 
bund state with acute disseminated 
lupus erythematosus. He also demon- 
strated what are thought to be extra- 
cellular L.E. bodies in the same prep- 
arations. These bodies are reported to 
be identical morphologically and_ to 
date have shown the same. staining 
properties as those bodies found lving 
in L.E. cells and the rosettes 

Madden?! his comparison — of 
muscle biopsies and bone marrow 
examinations in dermatomyositis and 
lupus erythematosus made the _perti- 
nent observation in agreement with all 
observers that the L.E. cells were 
found only in patients with acute dis- 
seminated lupus erythematosus and 
that the number of these cells de- 
creased as the systemic symptoms sub- 
sided. This observation was based on 
a study of the literature and of 16 
patients with lupus erythematosus (5 
with the acute and 8 with the chronic 
form). He also observed that L.E. cells 
are not always present in acute dis 
seminated lupus ervthematosus. (They 
were present in 7 of 11 of Morton's 
patients; 4 of 5 of Haserick and Sund 
berg’s patients; 5 of 7 of Montgomer\ 
and McCreight’s patients, and 4 of § 
of his own patients. Suksta and Con 
ley**4 found L. E. cells in 14 of 2 
cases of disseminated lupus erythema 
tosus but these cells were not observe: 
in any other condition. In patient 
treated with ACTH or cortisone th 
L. E. cells and rosettes decreased i 
number but did not disappear.) Fu 
thermore, Madden correlated the fine 
ing of L.E. cells with the prognosi 
The 4 patients who showed L.E. cell's 
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in the bone marrow were alive at 
the time his report was written, while 
the four whose bone marrow did not 
show L.E. cells were dead. Madden 
points out that this observation is 
at variance with the findings — of 
Montgomery, of Brunsting and others 
of the Mayo Clinic Group, who 
indicated that the presence of 
cells was a poor prognostic sign. Since 
lupus erythematosus is usually fatal, 
the value of the 
is difficult to assess. The presence of 
the cell in a fair number of patients 
with acute erythematosus makes 
the cell of certain diagnostic value. It 
is especially valuable when present in 
differential diagnosis between dermato- 
myositis and lupus erythematosus, par- 
ticularly in those unusual instances of 
visceral lupus erythematosus without 


EK. cell in prognosis 


cutaneous lesions. 

Fisher and Moyer® reported a series 
of experiments in which various com- 
e ations of normal oxalated blood and 
L.E. plasma were mixe d. According to 
et al.4, Fisher and Moyer did 
did not report observations on ‘control 
material consisting of mixtures of nor- 
mal plasma, normal blood leukocytes, 
and blood-bank autolysates. These 
were carried out by Berman’s group. 
\W _ ‘n normal plasma was use ‘d in place 
of L.E. plasma, typical L.E. cells were 
not a The experiments suggest the 
activity of a factor in L.E. plasma 
which promotes or enhances phagocy- 
tosis of nuclear debris by leukocytes 
from normal blood. 

In May. 1950, 2 studies of the L.E. 
cell appeared: the one by Berman and 
his co-workers? on the so-called ‘lupus 
erythematosus inclusion phenomenon 
of bone marrow and blood, and _ the 
other by Hamburger" on induction of 
the lupus erythematosus cell in vitro 
in peripheral blood. Hamburger at- 
tempted to produce the L.E. cell in 
the peripheral blood by incubating the 


cellular elements of normal white 
blood with plasma from patients with 
acute disseminated lupus erythema- 
tosus. He was successful in finding the 
L.E. cell in the peripheral blood of 
patients with acute disseminated lupus 
erythematosus and he could induce the 
L..E. cell by cross incubation of cellu- 
lar elements from normal peripheral 
blood with the plasma of a patient with 
lupus erythematosus, thus simplifying 
the test for acute disseminated lupus 
erythematosus. This method is similar 
to that described by Moffatt, Barnes, 

and Weiss who also. as previously 
reporte od, had produced L.E. cells by 
mixing the plasma of a patient with 
acute lupus erythematosus and_ the 
white cells of the blood of normal 
persons. 

Berman and his colleagues have re- 
viewed the status of the L.E. cell to 
the time of writing and have added 
considerable original information, espe- 
cially of a technical nature and of the 
diagnostic value of the L.E. cell. For 
details this paper should be consulted. 
Berman and his group summarize their 
original observations as follows: 

“1. Splenectomy had no effect on the 
occurrence of the L.E. phenomena in 
marrow smears from a patient with 
acute lupus erythematosus, nor was 
there any change in the activity of the 
L.E. factor, as observed in the in vitro 
reaction. 

. The post-mortem serum in acute 
lupus erythematosus gave positive 
results in the in vitro test. 

“3. In some instances there is appar- 
ent augmentation of the L.E. plasma 
activity after its use in the in vitro test. 

“4. The in vitro reaction obtainec 
with the use of L.E. plasma can be ob- 
served when the test cells are of ani- 
mal origin. 

“Dd. The activity of the L.E. plasma 
resides in the gamma globulin fraction.” 
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The techniques of the various pro- 
cedures worked out by Berman's col- 
leagues are quoted as follows: 


TECHNIQUE FOR THE IN ViTRO TEST FOR 
rHeE L.E, Facror. The materials required are 
citrated, oxalated, or heparinized specimens 
of the plasma to be tested (usually 0.5. cc 
for each test), specimens of fresh heparinized 
aspirated bone marrow (human or animal) 
rhe plasma may be stored in sterile con- 
tainers in the freezing compartment of an 
ordinary refrigerator and brought to room 
temperature before being tested. Equal por- 
tions of the aspirated marrow and the plasma 
to be tested are mixed by gentle shaking for 
1 minute in a serologic test.tube. The mix- 
ture is then transferred to Wintrobe hemato- 
crit tubes, and centrifuged at 2000 rpm 
standard head, radius 5% inches) for 5 
minutes. The buffy laver is removed, together 
vith an equal volume of supernatant plasma 
ind this material is stirred on a_paraffin-lined 
watch glass. Smears are made from this mix- 
ture. They are immediately air-dried, then 
stained with Wright’s stain. Control speci- 
mens can be prepared by substitution of the 
plasma being tested by (1) normal plasma, 
and (2) a known active L.E. plasma. The 
time consumed in preparation of the speci- 
mens affects the incidence of the L.E phe- 
nomena, there being a tendency for an in 
crease as more time elapses. In our hands 
the entire procedure is completed within 15 
to 20 minutes. For comparative quantitative 
studies, the factor of time can be eliminated 
from consideration by adopting constant wait- 
ing periods between successive steps of the 
procedure or, as is the custom in this labora- 
tory, the test materials and control materials 
ire processed simultaneously. 

TECHNIQUE FOR STUDYING “AUGMENTA- 
rioN Errecr.” The procedure is identical with 
that outlined above, with the exception that 
after the specimens are centrifuged in the 
Wintrobe tubes, the supernatant plasma _ is 
removed and re-centrifuged at 4000 rpm. for 
30 minutes. The supernatant clear plasma is 
stored for future use as once-used plasma. 
Control studies are carried out with samples 
of the original previously unused plasma. 

Use oF ANIMAL MARROW AS THE SOURCE 
or Test CELLs. Our material is obtained from 
normal laboratory animals sacrificed by 
asphyxiation or air embolism. A long tubular 
bone is cracked open, the marrow is removed 
and immediately mixed with an approximately 
equal volume of the plasma being te sted. 
Further processing is carried out as outlined 
above. 
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Stitch?” found L.E. cells in the bone 
marrow of a single case of lupus ery- 
thematosus. Van Doormaal and Schreu- 
der** found the L.E. cell in pleural 
effusion. Rebuck and Berman" pro- 
duced the L.E. phenomenon in human 
skin by injecting the plasma of a pa- 
tient with acute lupus erythematosus. 

Gonyea, Kallsen, and M: arlow® found 
L.E. cells in a clotted blood specimen 
after the cells had disappeared from 
the oxalated blood specimen, thus 
eliminating the possibility that this 
phenomenon is dependent on the use 
of anticoagulant. 

Moyer and Fisher** produced L.E. 
cells experimentally by incubation of a 
mixture of living neutrophils, — 
lvmphocytic nuclei, and the L.E. plas- 
ma factor. The results oad under 
these conditions suggest that the L.E. 
inclusions originate from lymphocytic 
nuclei, whereas polymorphonuclear 
leukocytes did not provide similar in- 
clusions. 

Barnes, Moffatt, and Weiss*» — 
an inclusion body that appeared in the 
course of their studie on the 
of the L.E. phenomenon in normal 
leukocytes. They felt that these objects 
could be stages in the evolution of the 
L.E. body, and further studies seem to 
have substantiated this idea. In a sum- 
marv study, Barnes, Moffatt, Lane, and 
Weiss? have re peated and confirmed 
the work of pre vious investigators with 

regard to the L.E. phenomenon. They 
feel this phenomenon is specific and 
outline a staining method they have 
found of use in demonstrating the L.E. 
phenomenon and_ oval bodies. We 
quote an abbreviated technique, used 
by Weiss and separately distributed 
by the Derm: itological De ‘partments of 
the Barnard Free Skin and Cancer Hos- 
pital and the School of Medicine, 
Washington University, St. Louis, Mis- 
souri. 
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TECHNIQUE OF THE IN ViTRO TEST FOR THE 
L.E. PHENOMENON ( BARNES-MOFFATT TEsT ). 
The Barnes-Moffatt test is a simplified means 
of demonstrating the L.E. 
in our hands, has been proved to be 100% 
accurate in the diagnosis of the acute form 
of disseminated lupus erythematosus; in 
about 30% of the cases of the subacute form 
of the disease the test is also positive, It is 
negative in all cases of discoid lupus ery- 
thematosus. 

Method. Draw 20 ce. normal venous blood 
a volunteer and immediately defibrinate 
by stirring with sterile applicators in a wide, 
sterile test tube for about 10 minutes. 

Pour off a centrifuge tube, centrifuge 
for S minutes at 2000 RPM. 

Remove buffy coat with a capillary pipette 

In a Kahn dilution tube place 12 drops o' 
the buffy coat and 12 drops of the patient's 
serum. With occasional gentle agitation allow 
to stand in the tube at room temperature for 
Withdraw the mixture from the 
tube with a capillary pipette and place in a 
Wintrobe tube. Centrifuge the 
mixture for 5 2000 RPM in a 
Wintrobe tube 

Remove buffy coat with a capillary pipette 

Place a drop of the buffy 
3 clean glass slides, smear in the 
in the air. 

Flood 


minutes. 


Phenomenon and, 


from 


into 


20 minutes 


( hematocrit ) 
minutes at 


coat on each of 
usual man- 
ner, and dry 

Staining slides 


for 2 


with Wright's stain 


Add Wright's phosphate buffer solution 
to each slide for an additional 2 minutes 
Pour off Wright’s stain and flood slides 


with Giemsa stain for 6 to 7 minutes. 
A supply of fresh Giemsa stain is pre- 


pared in a small glass beaker. This diluted 
Giemsa stain is made by using 9 drops of 
stock Giemsa stain and 3 ce. of Wright's 


phosphate buffer for each slide to be stained. ) 

Wash slides with distilled water, air dry 
and examine. In examining under the micro- 
only a few L.E. cells are present 
they are likely to be located on the 
fringes of the smears near the Look for 
clumping, rosettes and L.E. 


scope if 
most 
tails. 
cells. 

O'Leary and Har- 
of the Mayo Clinic have made 
further observations which may further 
simplify the diagnosis of acute dissem- 
inated lupus erythem: atosus. These in- 
vestigators made a differential smear 
of cantharides blister fluid in 5 cases 
of acute disseminated lupus erythema- 
tosus containing a peculiar neutrophilic 


Recently Watson, 
graves" 
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leukocyte. This cell contains one or sev- 
eral bluish bodies and resembles an 
L..E. cell such as that found in material 
obtained on sternal aspiration from 
patients with acute disseminated lupus 
erythematosus. This peculiar neutro- 
philic leukocyte was not seen in smears 
of cantharides blister fluid from normal 
persons or in the blister fluid from pa- 
tients with other disease. The authors 
had further experience with 12 addi- 
tional patients with acute and subacute 
lupus erythematosus on whom can- 
tharides blisters were produced and 
aspiration of sternal marrow was done. 
This peculiar neutrophilic le ukocyte 
was found in direct smears of fluid 
from cantharides blisters in each case. 
However, they found L.E. cells in spe- 
cial preparations of sternal marrow in 
only 9 cases. Thus, in 3 cases the arti- 
ficial blister fluid test seemed to be a 
more sensitive indicator of subacute 
disseminated lupus erythematosus than 
was examination of the sternal marrow. 
The following summarizes in outline 
form the occurrence or production of 
L.E. cells as detailed above: 
Mechanism of L.E. Cell Formation. 
The nature of the mechanism underly- 
ing the production of L.E. cells or the 
L.E. phenomenon is practically un- 
known. Fisher and Moyer* have sug- 
gested that 3 elements are necessary 
for the formation of L.E. cells: 1) active 
reutrophils, 2) nucleoprotein, and 3) 
the L.E. plasma factor. Active neutro- 
phils apparently ingest nucleoprotein 
in the presence of the L.E. plasma 
factor. The L.E. plasma factor appears 
to be present in the gamma globulin 
fraction (Berman et al.4, Haserick 
and Lewis'®, Haserick, Lewis and 
Bortz'?, Haserick'**). Haserick, Lewis 


and Bortz'? showed that the L.E. factor 
disappears from the blood during inter- 
missions and reappears during relapse 
in patients with acute disseminated 
Haserick" 


has 


lupus erythematosus. 
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SUMMARY OF OCCURRENCE OR 


L.E. Cells found in he parinized bone marrow 
of lupus erythematosus patient 


PropuctTion or L.E. 


H irgraves et al., 194818 
Haserick and Sundberg, 194818 


Lupus erythema- (heparinized blood) — concen- Sundberg and Lick, 1949*! 
tosus periph- oxalated blood ) trated Hargraves et al., 1949!" 
eral blood centrifuged ) leuko- 
venous ) cytic 
layer 


in clotted blood of patients 
with L.E. 


Produced in 
vitro and L.E. plasma 


normal bone marrow (anima 


L.E. plasma 


cellular elements of normal 
white blood plus i plasma 


In Skin Cellular elements of normal 
white blood plus L. E. plasma ) 


no anticoagulant ) 


Inoculation of normal skin 


by L.E. plasma 


Cantharides blister in patients 
with acute lupus ervthematosus 


also seen a patient with acute lupus 
erythematosus with negative L.E. test 
which turned positive after treatment 
with cortisone. Haserick and Sund- 
berg!’ believed that the inclusion of the 
L.E. cell is protein in nature and of 
lymphocytic origin (Mover and Fish- 
Damashek and Bloom’ have 
made histochemical studies to support 
this idea. The inclusion bodies are 
Feulgen-positive, indicating a possible 
nuclear origin. In their study, Berman 
and his associates noted the existence 
of free cloudy masses, identical with 
those seen within L.E. cells. Thev be- 
lieved that, in addition to nuclei of 
lvmphocvtes, these may be derived 
from nuclei of other cells, including 
neutrophils. Moyer and Fisher’s?* in- 


normal bone marrow (human) 


Gonvea et al., 1950* 


Hargraves, Apr. 27, 1949!" 
Haserick and Bortz, Mar. 25, 1949! 
Berman et al., 19504 

dog Sundberg 
Hamburger, 19501! 
Fisher and Mover, 1950! 


Moft itt, Barnes Weiss 1950 


Barnes, Moffatt and Weiss, 1950 


Rebuck and Berman, 1950°' 


Watson et al.. 


vestigations support the impression 
that the L.E. cell may be the result of 
phagocytosis of an altered lymphocytic 
nucleus, usually by a neutrophil. Gause- 
witz, Jones, and Worley? recently re- 
ported a case of moniliasis with L.E 
cells. This raises the question whether 
these were really L.E. cells or were a 
simulation of the lupus ervthematosus 
phenomenon by materials of fungal 
origin, such as were reported by Hase- 
rick'#4. This latter author found that 
fungi, particularly of the Asvergillus 
group, induce an alteration closely re- 
sembling the lupus erythematosus phe- 
nomenon when added to heparinized 
bone marrow preparation. He observed 
rosettes of clumned leukoevtes and 
phagocytic cells of the L.E. cell tvpe. 


Lee and his co-workers2° a, b have devised a method for demonstrating the presence of L. E 
cells. It is simpler to perform and more sensitive than other methods. It permits clearcut dis- 


tinction between bloods which show the L. E. phenomenon and those which do not pro- 


duce L. E. cells. 
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Written pri 
pathologist’s standpoint, the 
author has achieved his goal of presenting a 
dynamic rather than a static des¢ riptive treat 
ment of this subject, and of avoiding the pit 
fall of oversimplification in his interpretation 
or re nal pathology. 

This b 


re nal | hvs 


to the 
logist and pathologist and to the 
fields 


research worker in thes« 
rated method of 


k will be of greatest valu 


However, the 
well integ presentation of 
clinical, physiological, and pathological re 
lationships recommend it to the special atten 


ion of the urologist, internist, and pediatri- 


clan 

It will be some time before a more com 
petent I complete work in this field is 
written 
SPATIAI VECTOR ELECTROCARDIOGRAPHY 


Clinical Electroc ardiographic Inte rpretation 


By Rosert P. Grant, M.D., National Heart 
Institute, Bethesda, Md., and E. Harvey 
Estes, M.D., U.S. Naval Hosp., Bethesda, 
Md. Pp. 149; with 41 ills. Phila. and New 
York: Blakiston Co., 1951. Price, $4.50. 
EVERYONE interested in recent electro- 
cardiographic developments should be fami 


liar with this book, the first in English, on 
spatial vector electrocardiography. It is based 
upon the concept, long championed and 
developed by Duchosal and Sulzer, that for 
clinical purposes, the electrical forces of the 
heart may be regarded as an equivalent dipole 
for all electrocardiographic 


contribution 


leads. Grant's 


consists in demonstrating how 


the mean spatial vectors and loops can be 
derived from the conventional electrocardio- 
graphic leads. The book is a simplified pres- 
entation of the subject and the authors admit 
that there may be “inaccuracies, generaliza- 
tions and dogmatisms”. The book is divided 
into Part I, The Spatial Vector Method of 
Interpretation, and Part II, Clinical Applica- 
tions of the Spatial Vector Method. y 

It should be obvious to the reader, although 
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it is apparently ignored by Grant, that. sinc 
the vector loops are translations of the elec 
at least 
as many patterns of loops as there are sets 
of leads. Actually 


Cause each loop 1S 


trocardiographic leads, there must be 


there are infinitely more be 
forming an 
that the 


sion of leads produces a derived loop thet is 


( ipable ot 


infinite number of leads so omis- 


artificially smooth. Although occasional state 


ments are made concerning the characteristics 
of loops, Grant, in the main avoids this issue 
that the angles formed by the 
vectors of ORS, ST, T and by the 0.04 sec¢ 
onds vector to that of ORS are the clinically 
significant determinations. He regards the fact 
that the 


on. the 


by assuming 


electrocardiographic leads are not 
that 
taken simultaneously as clinically insignificant 

He believes that his method is capable ot 


determining the spatial ingle within 5° but 


same plane ind they are not 


nowhere gives an exampl of the determina 


tion of a specific spatial angle. He assumes 


an error of less than 5° is clinically insignifi 


le ( tro 
illustrated so 


cant Unfortunately, only obvious 


cardiog1 iphic abnormalities are 


that nowhere does he prove his statement 
that his method is diagnostically superior to 
that of conventional electrocardiography. H 


apparently assumes that in disease there can 
not be a_ proportionate change in the 
direction of the ORS ind ‘7 
planations for the 


same 
vectors Phe 
ibnormal angles are 
general derived from those given for homol 
electrocardio 
tbnormal 0.04 se 


translation of the 


ogously abnormal conventional 


graphs. For instance the 


ond vector is obviously a 
conventionally acc pted duration of a signifi 
cantly abnormal Q wave 

This book is recommended for the excellent 


insight it gives into the gross nature of th 


spatial vector electrocardiogram without th 
aid of special apparatus The reviewer b 
that 


been placed upon the corre lation of the mean 


lieves. however. undue emphasis has 


vectors with the anatomic location of their 
sources, particularly in the abnormal. The re 
viewer also. believes, contrary to Grant's 
opinion, that a more accurate method ot 


reproducing the spatial vector electrocardio 


gram is needed to separate on empirica 
grounds, just as electro ardiographic pattern 
the normal from the abnormal. On 
this has been done, it is hoped that the inte" 
pretation of the loops will be simpler an 
more definite than the interpretation of pres 


ent day electrocardiograms. iam. 


were, 
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LINICAL UNIPOLAR ELECTROCARDIOGRAPHY. 
By BerRNarp S. Lipman, M.D., Asst. in 
Med., Emory Univ. Sch. of Med., Atlanta, 


Ga., and Epwarp Massie, M.D., Asst. Prof. 
of. Clin. Med., Washington Univ. Sch. of 


Med Director, Heart Station, Barnes 
Hosp., St. Louis; Director, Cardiovas. Clinic, 
Washington Univ. Clinics. Pp. 230; 191 ills. 


Chicago: Year Book, Inc. Price, $5.00. 


manual 


s an outgrowth of a booklet 


prepared for the students of Washington Uni- 
versity School of Medicine. The authors suc- 
ceed in their purpose in presenting the sub- 
ject in “an elementary, clear, concise, albiet 
dogmatic fashion”. It is a faithful presenta 
tion of the Wilson concept 


The subject of cardiac arrhythmias is 


omitted although, in the reviewer's opinion, 
the inte rpretation of arrhythmias is becoming 


lost art both for the student and for the 


physic ian 


NEW BOOKS 


Radiochemical Studies: The Fission Products, 


Books 1, 2, and 3. Edited by CHarites D 
Dept. of Chem. and Lab. for 
Nuclear Sci. and Engineer., Mass. Inst. of 
Pech., and NATHAN SUGARMAN, Inst. for 
Nucl. Studies and Dept. of Chem., Univ. 
of Chicago. Natl Nuclear Energy Series, 
Manhattan Project Tech. Sect. With fore- 
word by Gordon Dean, Chairman, U. S. 
\tomic Energy Comm. Total pp., 2086: 
many ills. New York: McGraw-Hill Book 
Co., Inc., 1951. Price, $18.50. 


Tuts volume set includes information — of 
inquestionable value to the research worker in 
nuclear fission. Book 1 covers Counting Techniques, 
Chemical Studies at Tracer Levels, Remote-Con- 
trol Techniques, and Studies of the Fission Process. 


Book 2 is concerned with Radioactivity of the Fis- 
sion Products. In Book 3 the subject discussed in 
Book 2 is continued. Additional topics included in 
this volume are Radiochemistry of the Fission- 
product Elements, Special Studies of Gaseous 
Fission Products, and Radiochemical Studies of 
Other Activities 

The 4 appendixes in Book 3. consist almost 
entirely, except for the author index, of tabular 
matter on A) Fission-product Decay Chains, B) 
Fission Yields, and C) Nuclides Formed in Thermal 
Fission. These tables have undoubtedly made it 
possible to compress into 12 pages the subject 
index for the 3} books. 

The numbering of the illustrations to conform to 
1 code used in a filing system (Fig. 322.7 and Fig 
322.8, or Fig. 336.15, Fig. 366.3 and Fig. 336.4, 
for example) is a new departure which has the 
advantage of employing digits in such a way that 
there appear to be fewer than 350 illustrations, 
and also of obviating the necessity of renumber- 
ing figures originally assigned to the source ma- 
terial. The additional burden placed on the reader, 
however, in following these subdivisions of figures 
is questionable. 
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Modern Dietetics. By Doris Jounson, Fellow 


in Home Econ. Univ. of Wis. Edited by 
Haze. E. Ph.D., Research 
Worker, Bureau of Home Econ., U. S. 
Dept. of Agric. Pp. 529; 9 ills. New York: 
G. P. Putnam’s Sons, 1951. Price, $4.95. 


\ BACKGROUND of teaching student nurses makes 
the author very eligible to write a textbook of 
dietetics for them. She should also be commended 
for using the new figures which have been 
approved by the American Dietetic Association and 
the American Diabetic Association for the calcula- 
tion of the diet prescription for the diabetic. It 
would have been well if she had carried out the 
same procedure in the calculation of the low calorie 
diets. Part Il, Diet Therapy, is well handled, the 
therapeutic diet being used as a modification of 
the normal diet. The references and bibliographies 
at the end of every chapter have been well 
selected. Hospital interns should find the book 
a practical aid M. B. 


Hope and Help for the Alcoholic. By Haroun 


W. Lovett, M.D., Assoc. in Neurol., New 
York Med. Coll. Pp. 215. Garden City 
New York: Doubleday and Co., Inc., 195] 


Price, $2.75. 

luis book is written for the lay person, the 
object being to present an over-all picture of the 
alcoholic problem. The more positive aspects of 
the book deal with the physical basis of alcoholism 
and the work done by Alcoholics Anonymous. The 
author’s approach to the emotional problems of 
alcoholism is very inadequate. The title is more 
optimistic than the contents and it is difficult to 
see where the book would be an inspiration to 


the problem drinker 4. H. 


NEW EDITIONS 


Bamford’s Poisons. Their Isolation and Iden- 


tification. Revised by C. P. Stewart, Uni- 
versity of Edinburgh. 3rd ed. Pp. 316; 23 
ills. Philadelphia, Blakiston Co., 1951. 


Price, $5.50. 


SoME rearrangement in the order of the chap- 
ters, additional analytical methods, and new 
sections on antihistaminic drugs and_ synthetic 
morphine substitutes increase the value of this 
practical manual of laboratory toxicologic analysis 

E. 


Textbook of Pathology. By Roserr A. Moore. 


Washington Univ. Sch. of Med., St. Louis 
2nd ed. Pp. 1048; 501 ills. Philadelphia: 
W. B. Saunders Co., 1951. Price, $12.50. 


Tue first edition (1944) has been revised with 
shortening (by nearly 300 pages), some rearrange- 
ment, some additional material and a few changes 
to bring the text up-to-date. As is usually the case 
‘the first revision is a very definite improvement. The 
book is now a thorough and thoroughly modern 
textbook of pathology, with all the good features 
of the first edition and fewer of the less attractive 
ones. It is still a very large book for students 
in basic pathology to master. Its arrangement, a 
combination of the etiologic and systemic orders, 


i 
| 
| 


BOOK 


will continue to annoy certain teachers who fail 
to see its logic Those who can adapt this 
irrangement to their schedules will find it one of 
the best of the modern books in the field E. A 


Lhe American Illustrated Medical Dictionary 
By W. A. NEMAN Dorvanp, A.M., M.D., 
PACS... Lieut. Got. U.S.A. Po 
mer Member of the Comm. on Nomen- 
clature and Classif. of Diseases of the 
Amer. Med. Assoc. 22nd ed. Pp. 1736; 720 
ills., incl. 48 plates Phila. and London 
W. B. Saunders Co., 1951. Price, $10.00 


CELEBRATING 


ts semicentennial, this dictionary 
in its 22nd edition continues to give its users the 
most complete coverage possible of the fast-growing 
medical vocabulary. Appearing in new typography 
and new design, there are included scores of new 
illustrations and thousands of new terms. Two new 
features which should add to the popularity of the 
volume are a preliminary article on Fundamentals 
of Medical Etvmology bv Professor Lloyd W 
Daly of the Univ. of Penna. Classical Studies Dept., 
and a table of Modern Drugs and Dosage compiled 
by Dr. Austin Smith, Editor of the Jour. of the 
Amer. Med. Assoc 


Practical Clinical Psychiatry. By Evwarp A 
STRECKER, Litt.D., LLD., M.D., Prof. of 
Psychiatry, Univ. of Penna.; FRANKLIN G. 
Esaucu, M.D., Prof. of Psychiatry, Univ 
of Col.; and | R. Ewart, M.D., Univ. of 
Texas, Galveston; with Section on Psycho- 
pathic Problems of Childhood by 
KANNER, M.D. 7th ed. Pp. 506; 35. ills 
Phila. and New York: Blakiston Co., 1951 
Price, $7.00 

Ine authors of this textbook of psychiatry have 
tried successfully to make each edition better than 
its predecessor. The present edition presents a broad 
approach to modern dynamic psychiatry. Psycho 
analytic contributions are more prominent than in 
previous editions and there is an extensive bibli 
ography at the end of each chapter. However, there 
are several chapters devoted to various psychoses 
but only one to the psychoneuroses. Some of the 
others deal with the Constitutional Psychopathic 
Inferior, Alcoholism, and “Support”? Psychotherapy 
rhe last chapter on psychopathological problems 
in children is written by Dr. Leo Kanner. The 
authors have made a sincere effort to include at 
least some material from various schools of thought 


and have incorporated much recent research in 


their book F. 


Handbook of Nutrition. By Counc. oN 
Foops AND NutTrITION, AMER. MeEb. ASSN 
2nd ed. Pp. 717; 35 ills. and charts. Phila 
and New York: Blakiston Co., 1951. Price. 
$4.50. 

[uis series of special articles on Nutrition was 
prepared under the editorship of Drs. Elvehjem, 
Youmans, and Fishbein by leading authorities in 
the field of nutrition for the Jour. of the Amer 
Med. Assn. It has been completely revised since 
its first appearance in 1943. 

All aspects of nutrition are considered, with the 
emphasis on the clinical application. It is divided 
into 4 basic parts. Part I is a consideration of the 


REVIEWS 


‘Individual Nutrients’’, that is, proteins, fats, carbo 

hydrates, minerals. Part IL is a consideration of 
Nutritional Needs”, that is, dietary allowances and 

energy and nutritional requirements in infants, preg 

nancy, aging, and = disease Part IIL discusses IVER 
Nutritional Deficiencies ind) Part IV covers MICr 

“Foods and Their Nutritional Qualities.” 


Since many of the chapters have appeared in the ! 


Journal, most physicians are familiar at least in 
part with the text. The small number of illustrations 


is unfortunate, particularly in that section of the OSPI 
book dealing with diagnosis of deficiency disease in BRA 


which oral, skin, and Roentgen manifestations play 
such an important part in the recognition of the 
various syndromes. However, this is a_ relatively 
minor criticism, and the book accomplishes its 
purpose admirably of acting as a complete hand 
book on this important phase of medicine. It may 
be recommended wholeheartedly to physicians and 
students G. W. 


Text Book of Medicine. Edited by Russet 
L. Cecit, M.D., Sc.D., Prof. of Clin. Med 
Emeritus, Cornell Unis New York, and 
Rosert F. Loes, M.D., Bard Prof. of Med., 
Columbia Univ., New York, together with 
Assoc. Editors A. B. Gutman, Prof. of Med., 
Columbia Univ., Watsn McDermorti 
M.D., Assoc. Prof. of Med., Cornell Univ 
New York, and H. G. Wourr, M.D., Assoc 
Prot. of Med. ( Neurology), Cornell Unis 
and 163 contributors. Sth ed Pp. 1627; 
204 ills. Phila. and London; W. B. Saun- 
ders, 1951. Price, $12.00 

Puis edition includes articles on 20 subjects not 


covered in previous editions and 82 new treatises 


on subjects previously covered. There has been a 
regrouping of several diseases as their etiology has 
become clarified since the last edition. In spite of 
these considerable additions the total length of the 
book has been shortened by 136 pages without 
sacrificing any important material. The aim of the 
editors has been to encompass in a single volume 
in accurate discussion of those diseases comprising 
internal medicine [he physiological, biochemical 
and psychological aspects of the diseases have 
been emphasized without neglecting the brief 
definition, pertinent historical facts, and patho 
logical features of the diseases described Treat 
ment is outlined from a conservative and general 
point of view which is adequate for the scope of 
the book This can be whole heartedly recom 
mended for medical students, for general prac 
titioners, and as a reference book for internists 


J. 1 


Functional Neuro-Anatomy. By A. R. Br 
CHANAN, M.D., Prof. of Anat., Univ. of 
Colorado Sch. Med., Denver, Col. 2nd ed 
Pp. 323; 273 ills., 19 in color; Phila.: Lea 
& Febiger, 1951. Price, $7.50. 


Tue author writes in a simple style and a clear 


concise manner so that this book is of particular 
value to the medical student. The basic physio 
logical data are present for each important central 
nervous system structure. Complex theories 
avoided. An excellent atlas is present, which aid 
the student in an understanding of the study of 
morphology of the central nervous system. Th 
chapter on basal ganglia is excellently written and 
is easily understandable W. 


